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ABSTRACT 

Equivalent  headwinds or equivalent winds  are computed using  Sawyer's 

method  for about 2000 routes over strategic air   routes.     The seasonal 

mean equivalent wind and  Its  standard deviation  and  the annual  50-, 

75- and 85-per cent  reliability equivalent winds  are  tabulated.     Route 

winds are computed  for  the 20,000-,   30,000-,  1*0,000- and  53,000-foot 

levels.     An  IBM 7090 program was used   to compute   the equivalent winds. 

Input data  for  the program consist,   for   each  level,   of a  grid composed 

of   the mean vector wind and  the standard  vector  deviation  at   the 

intersection of each 5"  of   latitude with  eaclt  10     of   longitude between 

60  S and 60'N and at   the  Intersection of  each 5r   of  latitude with 

each 20'   of   longitude south and north of 60'S and 60"N  respectively. 

In  addition   to  the equivalent winds,   great  circle  distances  are 

computed  and   tabulated  for   each  route. 

!»    • 

I 
I 
I 
I 
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FORWARD 

Two years ago, The Boeing Company published three documents on equivalent 

route winds for domestic, International and military air routes for use 

In the airline Industry.  Since that time new and revised summaries of 

upper wind statistics were published. Boeing meteorologists Incorporated 

these summaries into three new and completely revised and expanded 

documents on equivalent route winds.  The new documents are "Equivalent 

Winds For North American Air Routes," D6-9I76; "Equivalent Winds For 

World Air Routes," 06-9177; and "Great Circle Equivalent Route Winds For 

Military Application," D6-9I75.  These documents replace the three 

earlier "Wind Documents", "Winds For United States Air Routes," D6-5186; 

"Winds For World Air Route," 06-5187; and "Great Circle Route Equivalent 

Headwinds For Military Application," D6-5I85. 

The efforts of E, Lesford of the Engineering Computing and Analysis Staff 

for preparing the 7090 program used to compute the route winds Is 

gratefully acknowledged»  Thanks are also due   to Al in* Post for the 

industry and care shown In tabulating the wind data sinmnarles. 
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EQUIVALENT WINDS FOR NORTH AMERICAN AIR ROUTES 

at heights of 5000, 10,000, 15,000, 20,000, 
30,000, 40,000 and 53,000 feet 

I. INTRODUCTION 

The development and Introduction of high-performance Jet aircraft for 

civil and military use established a requirement for route wind statistics 

with which to make long-term estimates of the economic and strategic 

capabilities of these aircraft when operated at new cruising heights and 

over new route systems. To meet this need for route-wind data, Boeing 

Meteorologists computed seasonal and annual equivalent winds for the 

principal strategic air routes. 

II. DEFINITIONS 

A. EQUIVALENT ROUTE WIND 

The equivalent wind for an air route may be defined as a uniform wind, 

which, directed along the track at all points, results In the same average 

ground speed as that actually attained.  Alternately, the equivalent route 

wind is the difference between the average airspeed and the average ground- 

speed throughout the flight. 

B. RELIABILITY EQUIVALENT ROUTE WIND 

The reliability equivalent wind is in the case of a headwind (tallwlnd), a 

route wind which Is not exceeded (a route wind which can be relied upon) 

a given per cent of occasions or time during a given period. 

06-^176 
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III.     COMPUTATIONS 

A.     EQUATIONS 

1.  Equivalent Route Wind 

a 

Sawyer's theory of equivalent headwinds has been applied extensively 
1 -9  *■ 

to the computation of equivalent route winds  .  This method Involves 

use of the mean vector wind and the standard vector deviation:  tWo 

parameters which completely define the circular normal distribution 

of winds generally found in the free atmosphere.  Charts and tabulations 

of the mean vector wind and the standard vector deviation are available 

in many meteorological publications 

The principal assumptions of Sawyer's theory are (l) the wind speed 

does not exceed the speed of the aircraft and (2) the cli str I but ion of 

winds in the free atmosphere during a given season can be approximated 

by the circular normal distribution.  Based on these and other assum- 

tions, the basic equation for the average equivalent headwind, w , 

over a route and expressed in terms of the mean vector wind, v , and 

the standard vector deviation, a   , at points along the route Is 

where: 

W--[=Mk^2l 
Mean wind parallel to the 
track 

(1) 

Track 

v   -  Mean wind normal to the track 

a  -  Standard vector deviation 

A  = Airspeed. 
-&- Head Inq 

l-'ig. i.  Airspeed - Wind 
Vector Relationships 

The bar denotes a mean value over a long period of time and the 

square brackets denote a mean value taken over a number of points 

along the route (Fig. i). 
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Correlation studies and physical considerations reveal that vector 
I 21 

winds at points along a route are related to one another '  .  For 

this reason, the mean vector wind and the standard vector deviation 

at points along a route while sufficient to determine the average 

value of the route equivalent wind, are Insufficient to determine its 

variability.  For example, strong winds at points along a route may 

or may not occur simultaneously.  If they do not occur together, there 

Is a tendency for the headwind components to average out such that the 

average value of the extreme winds is less than the values of the 
1 

extreme winds at Individual points over the route. Sawyer has 

shown this to be the case. 

2. Route Standard Deviation 

The route standard deviation provides a measure of the variability of 

the equivalent route wind. The relationship between the route standard 

deviation and the average value of the standard vector deviation at 

points along the route Is 

<Tt  =  S \o2]     ,/2 (2) 

where: 

(It 
Route standard deviation (tabulated value) 

s  = Factor to convert the mean standard vector deviation 
[21  1/2 

of wind over a route,  Ier I    > into the route 

standard deviation of the equivalent route wind.  The 

value of s decreases with Increasing route length 

and exhibits some variation with season, latitude 

and route orientation . 

The values of s  used In preparing Table U  are those listed In Graystone . 

f 
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3-  Great Circle Distance 

Route lengths in nautical miles are computed over the great-circle 

course, I.e. the least distance on a sphere, between terminals. The 

expression used to compute great circle distances Is 

0 = 60 cos 
-I 

where: 

| sin tj sin ^2  + cos ^j cos tj cos (Xj - X,,,) \  (3) 

cos 

0 = Great circle distance in nautical miles 

t = Latitude 

_K    = Longitude 

\ = Angle expressed In minutes. 

p^V,) 

South latitudes and east longitudes are considered 

negative and north latitudes and west longitudes 

are considered positive. 

B„  ANNUAL EQUIVALENT ROUTE WINDS 

1 

p,,(*JO 2  2 2 

Fig. 2 

Great Circle Distance 

Wtnler 

Annual equivalent route winds are computed from the mean seasonal 

values of equivalent route winds and their standard deviations.  The 

technique involves an iterative 

procedure by which wind speeds are 

found such that 50, 75 and 85 per cent 

of the total area under the four 

seasonal wind distribution curves, 

lies to their right.  With reference 

to Figure 3, the 50, 75 and 85 

annual equivalent winds are estimated 

to be -5, -11 and -13 knots 

respec11vely, 

Summer 

-10     0      10 
Fir). 3-  Hypothetical Seasonal 

Wind Distribution 
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C. INPUT DATA 

The most recent and internally consistent summaries of statistical 

wind data available were used. Wind statistics were obtained from 
17 18 

Tucker  and Heastle and Stephenson  for the southern hemisphere 

and from Crutcher  for the northern hemisphere, while the airport 

coordinates were obtained from standard reference sources. The mean 

vector wind and the standard vector deviation together with the coordinates 

of each terminal form the input data for an IBM 709O program.  The wind 

parameters for the four seasons and for the 50O0-(85O mb), 10,000-(700 nb), 

15,000-, 20,000-(500 mb), 30,000-(300 mb), 40,000-(200 mb) and 53,000- 

(100 mb) foot levels, were obtained by computing them at the intersection 

of each 5° of latitude with each 10° of longitude between 60oN and 60°S 

and at the Intensectlon of each 5° of latitude with each 20° of longitude 

north of 60oN and south of 60oS. 

D. METHOD 

Equivalent route winds are computed by first dividing the route Into an 

Integral number of segments of 200 miles or less In length and then 

calculating the headwind at the mid point of these segments. This Is 

accomplished by weighing the four nearest wind values (at grid points) 

In proportion to their proximity to the point on the route and then 

averaging.  The averaged values In turn are used to compute the equivalent 

wind for the entire route. 

By convention a positive sign denotes a tallwind, a negative sign a 

headwind. 

E. TABULATIONS 

Equivalent winds for over 1300 airline routes between 300 airports in 

North America Including Hawaii, Bermuda and Puerto Rico are computed 

D6-9I76 
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(Tables 3 and k).     Table 3 contains equivalent winds for the 5000-, 

10,000- and 15,000-foot levels for route lengths less than 400 nautical 

miles and in Table k  are listed equivalent winds for the 20,000-, 

30,000-, 40,000- and 53,000-foot levels for route lengths greater than 

200 nautical miles. The route wind tabulations are organized 

alphabetically by the terminals identifying each route.  Each route Is 

further listed under both of its terminals in the index (Table 6).  The 

tabulations consist of: 

1. The direct and return seasonal mean equivalent route wind and its 

standard deviation and the annual 50-, 75- and 85-per cent 

reliability equivalent route wind in knots 

2. The great circle distance in nautical miles. 

An alphabetical listing of terminals with their airport names, geographical 

coordinates and length of longest runway is also provided (Table 5). 

IV.  USE OF TABLES 

A,  NORMAL CURVE 

Brooks  et al found that in any one season the distribution of equivalent 

route winds about the mean closely approximates the normal law of errors» 

According to this law, the mean and its standard deviation completely define 

the distribution of winds about the mean.  In turn, this error distribution 

very nearly approximates the normal or Gaussian frequency distribution 

defined as 

I 

crV2n 

-x /2cr ih) 
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where: 

y = The frequency ordinate at distance x from the mean 

a = The standard deviation. 

With reference to Figure k,   some of the more important properties of 

the normal curve to be noted in estimating reliability winds are: 

1. The mean, median and mode are 

identical 

2. Areas under the normal curve 

between abscissae ± cr, i: 2cr 

and ±  3cr contain 68o27, 95.45 

and 99.74 per cent of the 

whole sample 

3. The value of the standard 

deviation equals the difference 

between the ordinate for 50 and 

84.13 per cent, i.e. 50 + 68/2 - 

84 per cent. 

B.  ESTIMATING RELIABILITY EQUIVALENT 

ROUTE WINDS 

Computation of reliability equivalent 

route winds deserves special attention 

since deviations of the relative frequency 

of extreme wind speeds from the assumed 

normal law of errors may be appreciable, 

particularly at levels and in regions 

affected by jet streams.  The frequency 

of extreme values is probably higher 

than that predicted from the assumed 

model.  For this reason reliability 

50.00%" 
84.10% 
97.72% 
99.87% 

- 50% M     ^T 
75% M + 0.67cr J 
85% M + I.04ff  
95% M + 1.65(T  

Fig. 4 b.  Normal Curve 

D6-9176 
Page 7 

' m 



equivalent winds for percentages less than 5 and greater than 95 are 

1ikely unreliable. 

Two methods for estimating equivalent winds for reliabilities other than 

for the tabulated mean values involve use of error factors and secondly, 

use of arithmetic probability paper. 

1.  Error Factor Method 

For a given route, reliability equivalent winds are computed by 

subtracting the product of k times the standard deviation from the mean 

equivalent wind, where k is a factor 

derivable from the error function. 

Values of k are given in Table 1. 

Table 1.  Error Factors 

Per Cent       k 

50 0.0 
60 0.25 
70 0.52 
80 0.84 
85 1.04 
90 1.28 
95 1.65 

The error factors method is illustrated 

by computing the 85-per cent reliability 

equivalent route wind over the great 

circle New York-to-San Francisco route 

during winter at the 40,000~foot level. 

From Table 4 the Direct and Return 

equivalent winds are -61 and 59 knots respectively and the standard 

deviation, 1? knots.  From Table 1, the error factor is 1.04. 

a) The DIRECT 85-per cent reliability equivalent wind which 

should not be exceeded on 85 per cent of occasions is a 

headwind of -79 knots; 

-61 - (1.04 x I?) = -79 knots. 

b) The RETURN 85-per cent reliability equivalent wind which 

can be relied on 85 per cent of occasions is a tailwind 

of 41 knots; 

59 - (1.04 x 17) =41 knots. 

D6-9176 
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2. Arithmetic Probability Paper Method 

As previously stated, in any one season the distribution of equivalent 

route winds about the mean closely approximates the normal law of errors 

and the normal or Gaussian frequency distribution defined in (k), 

Arithmetic probability paper is arranged with the per cent cumulative 

frequency scale printed on the ordinate such that the integral 

Q (x) = vn ;/, 

-x /2 . 
e     dx (5) 

of the normal frequency curve plots as a straight line while the • 

absicissa has a linear scale. The sign convention for equivalent wind 

speeds is + for a tail wind and - for a headwind. 

Thus, to obtain a frequency distribution of the equivalent route winds 

for the great circle New York-to-San Francisco route at 40,000 feet 

during winter, look up the value of the 50 per cent direct (-61 knots) 

and return (59 knots) equivalent wind and the standard deviation (17 knots) 

in Table k.     Next plot -61 on the 50 per cent value of the ordinate scale 

and -78 (-61 - 17) knots on the 8k per  cent ordinate value and draw a 

straight line through these points.  Similarly for the San Francisco-to- 

New York route, plot 59 knots on the 50 per cent ordinate value and 

42 (59 - 17) knots on the 85 per cent value of the ordinate scale and 

draw a straight line through these points.  These two lines give the 

frequency distribution of equivalent winds over the route. 

Use of these curves in Figure 6 is illustrated with three examples. 

a) The per cent of equivalent tallwinds that fall in the 

50-70 knot range for the San Francisco-to-New York route 

is 45 per cent (70 - 25). 

b) Equivalent winds that should not be exceeded between 50 and 

95 per cent of the time on the New York-to-San Francisco 

D6-9176 
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route range from -61 to -89 knots. 

c)  For the San Francisco-to-New York route an equivalent 

tailwind of k]   knots can be relied on 85 per cent of the time. 

C.  VARIATION IN AIRSPEED 

The tabulated equivalent wind data were computed for a 450-knot airspeed, 

but may be used for airspeeds between 300 and 550 knots because the small 

variation of equivalent wind with airspeed.  For airspeeds outside this 

range, the tabulated values may be modified as follows.  If D and R 

represent the DIRECT and RETURN equivalent wind for a 450 knot airspeed, 

the corresponding values, D' and R' for the new airspeed. A, are: 

D'  --=  1/2 (D - R) + ^ (D + R) 

R'  = - 1/2 (D - R) + £p (D + R) 

(6) 

(7) 

These expressions are derived from (l) by setting 

H 
where: 

II + M7 L   J A 

[(v)2. + a 
2 k 

Then for a 450 knot airspeed 

0 

R 

M 

M 
450 

(8) 

(9) 

and for ai rspeed, A 

D' 

R' 
+ s 

(10) 

(n) 

D6-9176 
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Substitute 

M  c 225 (D + R)/ obtained from adding (8) and (9) and 

[uj = •— t  obtained from subtracting (9) from (8) 

Into (10) and (11), thus obtaining (6) and (7). 

If D and R are of equal value and of opposite sign, the tabulated values 

are the same for any airspeed.  If 0 / R, i.e., a cross wind component 

is present, D* and R' will differ slightly from D and R. 

Per cent reliability equivalent headwinds computed for the new airspeed, 

A', will differ by the same amount as the mean values, i.e. D - D1, 

because standard deviations are not sufficiently affected by changes in 

airspeed . 

For example, to compute the direct and return mean equivalent wind for 

the December-February season over the Atlantä-to-Detroit route for a 

675-knot airspeed and at 40,000 feet, we have from Table *», 

D      =3  knots 

R      = -18  knots 

Then, 

1/2 [3 -   (-18)]     +   fff   [3+  (-18)] 

5.5  knots 

R.   = .,/2 [3 . (.,8)]   vfrf [3 + (-,8)] 
■= -15.5  knots 

D.  GREAT CIRCLE ROUTE LENGTH 

The route length in nautical miles is computed over the great-circle 

course, i.e. the least distance on a sphere, between terminals (Fig. 5). 

D6-3176 
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For completeness, a great circle may be 

defined as the intersection of the 

surface of a sphere and a plane which 

passes through the center of the sphere. 

A nautical mile is the length of one 

minute of arc along a great circle on 

the earth's surface, i.e. the earth's 

circumference is 360 x 60 = 21,600 n. ml. 

In terms of statute miles, 1 n. mi. = 

1.1508 miles. A knot is one nautical 

mi 1e per hour. 
Fig. 5 

Great Circle Route Length 

For example the great circle distance 

between New York (+i♦0"38,, +73D|t7,) and San Francisco (+37038,, +\22023,) 

may be computed from (3). 

D = 60 cos' ( sin t, sin *2 + cos t, cos ijf- cos (X.. - X. ) ) (3) 

Wj th the aid of Table 2, 

■1 
sin(/+0o38') sin(37038') + cos i+0'38' cos 37038, cos kS 

7951 Table  2.     Mfarance  Trigonometric  Ralatlonfhlpt 

«In  (90 ♦ ♦)  - coi ♦      co«  (90 ♦ ♦)  - - »In ♦ 

«In  (90 - ♦)  - co« ♦      to»   (90 - ♦)  • «In t 

■In  (- ^)   . -  «In ♦        co»   (- ♦)  - co» ♦ 

■36.) 

EQUIVALENT  ROUTE   LENGTH ♦ »In 
- r.o« 

- 5ln 
- CO» 

+ »In 
+ co» 

- »In 
+ CO» 

The equivalent route length, for a given reliability equivalent wind, is 

the distance that an aircraft would fly in still air on a flight having 

the same duration as that required to fly the route with given per cent 

equivaient wind.  The equivalent route wind may be expressed as 

DA 
A + W (11) 
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where: 

L  = Equivalent route length in knots for x per cent 

reliability equivalent wind W 

D  = Great circle distance in nautical miles 

A  = Airspeed in knots. 

For example, the 85-per cent reliability route length over the great 

circle New York-to-San Francisco route at ^0,000 feet in the December- 

February season for an airspeed of 450 knots is 

nTBcr-r.  i       2240 x ^50 
DIRECT:  L85 3 450-H (-79) 

= 2717 n. mi. 

OCTUBKI.  1      2240 x 450 RETURN-  L85 ~-    45oV(4l) 
==  2053 n. mi. 

V.  OCCURRENCE OF HEADWINDS ON BOTH DIRECT AND RETURN FLIGHTS 

Over routes characterized by prevailing light winds or by strong beam 

winds, the direct and return route winds can both appear as a headwind. 

This situation occurs when the contribution to the mean equivalent wind 

from the wind components at right angles to the track exceeds the contri- 

bution from the wind components along the track.  The effect of beam winds 

on the ground speed becomes apparent when it is realized than an airplane 

could make no progress in a beam wind equal to its airspeed. 

Reliability equivalent winds for some routes appear as headwinds for the 

direct and return flight.  This situation can occur over routes where the 

mean equivalent wind is about the same magnitude as its standard deviation. 

For example, a route having a mean equivalent tailwind of 12 knots, and 
( I 

a standard deviation of 15 knots, has an 85 per cent reliability headwind 

of -3 knots.  In this example a tailwind has not become a headwind, but 

; 
D6-9176 
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rather a headwind of -3 knots is not likely to be exceeded on 85 per cent 

of occasions and a tailwind of 12 knots can be relied on 50 per cent of 

occasions. 

VI.  RELIABILITY OF RESULTS 

The reliability of the tabulated equivalent headwinds in being representa- 

tive of the actual route winds over great circle routes depends largely 

upon the assumption that wind distributions in the free atmosphere can be 

treated by the circular normal distribution.  This distribution requires 

that the zonal and meridianal components of wind be uncorrelated and that 

their standard deviation be equal.  From physical considerations, however, 

some degree of ellipticity must be present, otherwise there would be no 

mean transport of energy in the atmosphere as is observed.  For most 

conditions, the degree of ellipticity is small and the assumed circular 

normal distribution acceptable.  Brooks 0 pointed out that the assumption 

of circularity is likely to be weakest in frontal zones, in the vicinity 

of jet streams and in areas characterized by distinct seasonal wind 

variation such as the boundary region between a monsoon circulation and 

the circulation above. 

The tabulated values are intended as long term estimates of en route 

winds and as such the actual winds in any one season may differ appreciably 

from them.  This condition particularly occurs where air routes closely 

parallel the mean position of the jet stream.  Where air routes routinely 

traverse normal to the jet stream, however, only small differences between 

the tabulated and observed route winds should occur. 

VII.  CONCLUSION 

The application of equivalent winds can aid agencies concerned with the 

problems of aircraft logistics to estimate the long term economic 

D6-9176 
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capabilities of carriers over new routes and at the eievated cruise 

levels of Jet aircraft.  Considerable effort is still needed to combine 

the element of temperature with that of wind into one reliability factor 

which would reflect the effect of the environment of aircraft performance. 

The solution of this problem involves not only combining and presenting 

the probabilities that equivalent headwinds and en route and surface 

temperatures occur but also weighing these factors according to their 

Individual effect on aircraft performance. 

While the circular normal distribution adequately describes the 

distribution of upper air winds, except In some regions as noted, the 

general blvariate normal distribution appears to provide the best 

description.  Even this elliptical distribution, however, may not adequately 

describe the winds in some regions.  At present, wind statistics based 

on the bivariate normal distribution are available only for the Northern 

Hemisphere. 

L 

, 
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TABLE 3.  LUUIVALENT   HfcADWINDS   AND   STANDARD   DEVIATION   IN   KNOTS   FOH   GKEAT   CIKCLE   AIR   ROUTES 

I 

| 

I 
I 
I 
I 

Ht IÜHT t H U I V A L E H r H E A 0 W I N D S» STANDARD 

JAN  APR 

18   17 
11»   13 
11»   13 

DEVIATION 

IN 
FfctT 

D I 
JAN  AP«  JUL 

R t 
OCT 

C T 
• •ASO A75 A85 JAN 

10 
20 
8 

APR 

21» 
IS 
6 

R E 
JUL 

i» 

i» 

U 

T U R 
OCT 

12 
8 
3 

N 
A50 

16 
11 
5 

AT5 

I» 

2 
-3 

AB5 

-2 
-2 
-7 

JUL  OCT 

ABILENE 
is,ooo 
10,000 
s.ooo 

TO BIG SPRING 
-iO  -25   -S 
-20  -IS   -U 
-9   -6   -S 

-12 
-8 
-14 

-16 
-11 
-6 

-30 
-21 
-1U 

-38 
-26 
-18 

91» N.MI. 
11   16 
10   12 
9   12 

AHILENE 
IS,000 
10,000 
s.ooo 

TO DALLAS 
il   2U 
21   16 
v   r 

S 
s 
6 

12 
8 
It 

16 
12 
7 

5 
3 

-1 

-1 
-2 
-6 

-31 
-2 1 
-10 

-25 
-16 
-8 

-6 
-S 
-6 

-13 
-9 
-S 

-17 
-12 
-7 

-11 
-22 
-15 

-39 
-27 
-20 

18 
lit 
lit 

17 
13 
13 

1U6 N.MI. 
11   16 
10   13 
9   12 

ABILENE 
IS,000 
10,000 
S,000 

TO EL PASO 
-29  -2»» 
-19  -11* 
-6   -S 

-U 
-2 

-1 1 
-7 
-1 

-16 
-10 
-3 

-29 
-19 
-10 

-36 
-2U 
-It» 

28 
18 
6 

23 
1U 
U 

1» 

It 
2 

1 1 
7 
1 

IS 
10 
3 

i» 

2 
-i» 

-1 
-2 
-7 

17 
13 
12 

15 
12 
11 

3it2 N.MI. 
10   15 
9   1 1 
7   10 

AHiLENb 
IS,000 
10,000 
S,000 

TO HOUSTON 
21    17 
li     9 

k             1 

1 
0 

-i 

9 
S 
1 

11 
6 
0 

0 
-2 
-7 

-S 
-6 

-11 

-23 
-11» 
-5 

-19 
-10 
-1 

-1 
-1 
1 

-10 
-6 
-1 

-12 
-7 
-1 

-21» 
-16 
-9 

-31 
-21 
-13 

17 
13 
13 

IS 
13 
12 

281 N.MI. 
10   15 
9   12 
8   11 

AHILtNL 
IS,000 
10,000 
s.ooo 

TO FT. WORTH 
3 1   2U    S 
21    16    S 
9    t           6 

12 
8 

16 
12 
7 

S 
2 

-1 

-1 
-2 
-6 

-31 
-21 
-10 

-25 
-16 
-8 

-6 
-5 
-6 

-13 
-8 
-5 

-17 
-12 
-7 

-31 
-22 
-15 

-39 
-27 
-20 

18 
11» 
11» 

17 
13 
13 

135 N.MI. 
11   16 
10   13 
9   12 

ABILENE 
IS,000 
10,000 
S,000 

TO LUBbOCK 
-21*  -19 
-IS  -11 
-It   -2 

-2 
-2 
2 

-1 t 
-I 
0 

-13 
-8 
-1 

-26 
-17 
-9 

-33 
-22 
-13 

23 
15 

l» 

18 
10 

1 

2 
2 

-3 

1 1 
6 
0 

12 
7 
0 

1 
- 1 
-8 

-i» 

-5 
-12 

1« 
lU 
13 

17 
13 
13 

111 N.MI. 
11   16 
10   12 
9   12 

AÖILENL 
IS.000 
10,000 
S,000 

TO MIDLAND 
-50  -2U 
-20  -IS 

-9     -r 

-S 
-S 
-5 

-12 
-8 
-U 

-16 
-1 1 
-6 

-30 
-21 

-37 
-26 
-18 

29 
20 
8 

2i» 
15 
6 

l» 

1» 

5 

1 1 
7 
3 

IS 
11 

s 

It 
2 

-2 

-1 
-2 
-6 

18 
II» 
13 

16 
13 
13 

111 N.MI. 
II   16 
10   12 
9   12 

AKKON ro CHARLESTON 
IS,000   -S    1   -1 
10,000   -i           1    1 
S,000   -1     1    0 

-s 
-2 
- 1 

-2 
-1 
0 

-15 
-10 
-9 

-22 
-16 
-13 

0 
0 
0 

-1» 

-3 
-1 

0 
-2 
-1 

i 
0 
0 

0 
-1 
0 

-12 
-1 1 
-9 

-19 
-16 
-11 

21 
16 
11» 

21 
17 
IM 

153 N.MI. 
12   20 
12   15 
10   12 

AKRON I 
IS,000 
10,000 
S.OOO 

0 CHICAGO 
-•W  -26  - 
-28  -20  - 
-IS  -11 

19 
IS 
-a 

-23 
-18 
-10 

-26 
-20 
-11 

-59 
-30 
-20 

-1*7 
-i6 
-21» 

38 
28 
IS 

25 
19 
10 

IB 
11» 

8 

22 
18 
10 

25 
19 
10 

13 
9 
2 

6 
1» 

-3 

20 
IS 
II» 

20 
16 
11» 

297 N.MI. 
13   19 
12   15 
10   12 

AKKON TO CINCINNAT 
IS,000  -<S  -21  - 
10,000  -2S  -16  - 
S.OOO  -li   -9 

in 
■ i i 

-6 

-2 1 
-IS 
-8 

-2 1 
-16 
-9 

-36 
-27 
-17 

-i»3 
-51 
-22 

32 
23 
12 

19 
IS 
8 

11» 

10 
6 

19 
IS 
8 

20 
IS 
8 

8 
S 
0 . 

1 
0 

-5 

21 
16 
II» 

21 
17 
11» 

185 N.MI. 
12   20 
12   15 
10   12 

AKKON TO CLtVbLAND 
IS.000  -2U  -IB  - 
10,000  -16  -IK  - 
S.OOO   -V   -8 

1 1 
-10 
-s 

-12 
-1 1 
-S 

-IS 
-12 
-7 

-29 
-23 
-15 

-37 
-29 
-21 

20 
li» 
8 

16 
13 
7 

10 
9 
S 

10 
9 
S 

13 
1 1 
6 

-6 
-5 
-6 

22 
17 
15 

22 
18 
IS 

35 N.MI. 
13   21 
12   16 
10   13 

AKKÜN TO COLUMBUS 
IS,000 -li      -19  - 
10,000  -2lt  -IS  - 
S.OOO  -12   -Ö 

-u 
•10 
-6 

-21 
-IS 
-8 

-21 
-IS 
-8 

-15 
-26 
-17 

-Hi 
-52 
-22 

11 
22 
12 

17 
13 
7 

I J 
10 
s 

19 
11» 
8 

19 
II» 
8 

u 
0 

-2 
-6 

21 
16 
IS 

21 
17 
IS 

85 N.MI. 
13   20 
12   15 
10   13 

AKKON TO DAYTON 
IS,000  -<8 -3k      • 
10,000  -2f  -18  ■ 
S.OOO  -IU  -10 

-16 
- 12 
-r 

-23 
-17 

-9 

-21« 
-18 
-10 

-39 
-29 
-19 

-i»7 
-15 
-21. 

37 
26 
U 

22 
17 
9 

16 
12 
7 

22 
17 
9 

23 
17 
9 

10 l» 

2 
-l< 

21 
16 
15 

21 
17 
IS 

UtO N.MI. 
15   20 
12   15 
10   13 

AKKON TO OfcTROIT 
IS,000  -il  -22 
10,000  -22  -If 
S.OOO  -12   -V 

-IS 
-11 
-r 

-1« 
-1U 
-8 

-21 
-16 
-9 

-15 
-27 
-18 

-l»2 
-11 
-23 

29 
21 
11 

21 
16 
9 

II» 
12 
7 

16 
U 
7 

19 
IS 
8 

0 
0 

-5 

21 
16 
IS 

21 
17 
IS 

116 N.MI. 
13   20 
12   15 
10   11 
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EOUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEET 

E   0   U   1   V   A   L   E   N   T HEADWINDS» 

JAN     APR 
DIRECT 

JUL     OCT   »»ASO 

AKRON TO NEW YORK 
15.000   i*l   26   19 2U 
10,000   30   21   15 19 
5,000   16   12    9 10 

AKRON TO PITTSBURGH 
15,000   38   26   17 20 
10,000   27   20   lU 17 
5,000   H»   II    8 9 

AKRON TO TOLEDO 
15,000  -39  -26  -18 -23 
10,000  -28  -20  -15 -IB 
5,000  -15  -11   -8 -10 

AKRON TO WASHINGTON, D. C. 
15,000   35   26   15 18 
10,000   26   20   13 16 
5,000   13   II    7 8 

AKRON TO YOUNGSTOWN 
15,000   35   20   15 22 
10,000   25   15   11 16 
5,000   13    8    6 9 

ALAMOGORDO TO ALBUQUERQUE 
15,000   -6   -«•    l» -3 
10,000   -U   -1    2 0 
5,000    5    5    7 6 

ALAMOGORDO TO EL PASO 
15,000   -8   -8   -7 -H 
10,000   -5   -5   -5 -14 
5,000   -7   -7   -7 -I» 

ALBANY, GA. TO ATLANTA, GA. 
15,000        -1         -l»           0 0 
10,000 0-220 
5,000 3 110 

ALBANY, GA. TO MACON 
15,000   II»    9    3 6 
10,000   1 I    7    l» l» 
5,000    8    5    3 2 

ALBANY, GA. TO TALLAHASSEE 
15,000   -8   -14   -I -3 
10,000   -6   -3   -it -2 
5,000   -6   -i»   -3 -2 

ALBANY,GA. TO TAMPA 
15,000    8 8   -1 ? 
10,000    3 •♦   -2 1 
5,000   -U -!   -2 -1 

22 
16 
9 

A75  A85 

27 lU 
21 II 
11    3 

2U II 
19 9 
10    1 

-1 1 
-9 
-6 

-3 
-2 
-3 

-U -1U 
-U -12 
-4  -1 I 

ALBANY, N. Y. 
15,000   36 
10,000   28 
5,000   15 

TO BOSTON 
27 21 23 
20 16 18 
II 10 10 

-25 -1*0 -i»8 
-20 -31 -37 
-11  -20  -25 

22 10 3 
18 8 3 
10    1   -3 

9 2 
6 0 
0   -5 

-1  -12  -18 
-1   -8  -13 
6    0-3 

-7 -16 -22 
-5 -12 -17 
-6  -12  -16 

17 
11» 
1 1 

-8 
-7 
-7 

-20 
-17 
-16 

-5  -10 
-7  -11 
-9  -13 

ALBANY, N. Y. 10 BINGHAMPTON 
15,000 -39  -26 -20  -25 -26 -i» 1 -U8 
10,000 -28  -19 -15  -19 -20 -31 -37 
5,000 -15  -10   -9  -11 -11 -20 -26 

JAN      APR 

-l»0 
-28 

15 

38 
27 
11» 

-17 
-12 
-8 

38 
27 
lit 

RETURN 
JUL      OCT        A50 A75  A85 

-U3 -29 -19 -25 
-31 -22 -15 -20 
-16  -12   -9  -10 

-27 -17  -22 
-21  -15  -18 
-II   -8   -9 

25 
19 
10 

18 
II* 
8 

-3    1 
-2    0 
-3   -2 

0 
-2 
-1 

-11   -3 
-8   -5 
-6   -l* 

5    2    1 
5 2    3 
6 U    3 

-10  -10 
-U   -5 
3    1 

2i« 
18 
10 

19 
U 
9 

ALBANY, N.Y. io BUFFALO 
15.000 -HO -27  -21  -25 
10,000 -29 -20  -16  -20 
5,000 -Ift -11  -10  -11 

26 13 6 -38 -28 -21 
20 10 >* -29 -21 -16 
12 3 -2 -16 -12 -11 

2r -i*l -1*9 38 26 21 
21 -32 -38 29 19 16 
12 -2 1 -26 16 11 10 

21 
17 
9 

-37 -27 -16 -19 
-27 -21 -lU -17 
-II*  -II   -8   -8 

-37 -22 -16 -23 
-26 -16 -12 -17 
-11»   -9   -7   -9 

2 
0 

-6 

-1 
-I 
0 

-7 
-5 
-3 

-3 
-1 

I 

21« 
18 
10 

-21* 
-19 
-11 

21» 
19 
I I 

-27 -U2 -50 
-21 -32 -38 
-12 -20  -25 

-25 -kO -U8 
-20 -31 -37 
-10  -20  -25 

2i» 
19 
10 

25 
19 
11 

12 5 
9 3 
I   -3 

-23 -38 -1*6 
-19 -30 -35 
-10  -19  -23 

-23  -38  -l»6 
-17  -28  -35 
-9  -18  -21» 

0  -10  -15 
0   -8  -12 
-6  -12  -15 

5 -5  -10 
l*   -3   -8 
6 0-1* 

-II  -17 
-10  -|i* 
-9  -11» 

-20 -27 
-16 -21 
-13  -17 

-7  -13 
-5  -10 
-K   -8 

-5  -15  -21 
-2  -10  -15 
2   -5   -9 

12 
8 
2 

-27 -l»l -H9 
-21 -32 -38 
-12  -21  -27 

26   13    7 
20   10    U 
II    3-2 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

20 
16 
11» 

22 
17 
15 

21 
16 
15 

21 
16 
lU 

22 
17 
15 

19 
11» 
10 

19 
11* 
11 

18 
11» 
13 

18 
lU 
13 

17 
II» 
13 

16 
1 i 
12 

22 
18 
15 

22 
18 
15 

22 
17 
15 

•HEA0W1NOS--C0MPUTED FOR A  1.50-KT AIRSPEED. 
••A--0tN0TtS ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

MINUS SIGNS DENOTE HEADWINDS. 
THE BOEING COMPANY 

31*9 N.MI. 
20 12   19 
17 11 II* 
II*   10   12 

62 N.MI. 
22   IS   20 
18 12 IS 
15   10   13 

113 N.MI. 
21 13 20 
17 12 15 
IS   10   13 

238 N.MI. 
21 12 19 
17 II 15 
IK   10   12 

22 
18 
15 

Ul N.MI. 
13 21 
12 16 
10   13 

131* N.MI. 
17 II 16 
12 9 12 
10    7    9 

65 N.MI. 
16   11   IS 
12 9   II 
10    7    9 

128 N.MI. 
IB 10 17 
15   10   !«i 
13 9   12 

71* N.MI. 
18 10 17 
15 10 11* 
13   9   12 

17 
14 
12 

68 N.MI. 
10   16 
10   13 
9   12 

231 N.MI. 
16 9 II» 
13 9 12 
11    8   II 

102 N.MI. 
22 14 21 
18 12 16 
15   11   13 

126 N.MI. 
22 |i* 21 
18 12 16 
15   II   13 

217 N.MI. 
21   lU   20 
17 12 15 
15   II   13 

PAGE 2* 
NO. D6-9 176 

TRANSPORT DIVISION 



I 
EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

L 
11 L 

HEIGHT E Q J I V A L E N T H E A D W I N D S» STANDARD 

JAN  APR 

DEVIATION 
IN 

FEET JAN 
DIRECT 

APR  JUL  OCT ••A50 A75 A85 JAN APR 
R E 

JUL 
T U R 
OCT 

N 
A50 A75 A 85 JUL  OCT 

ALBANY, 
15,000 
10,000 
5,000 

N.V. 
10 
5 
2 

TO GLENS FALLS 
3    3   8 
1    1    l» 
0    1    3 

6 
3 
1 

-7 
-6 
-8 

-15 
-1U 
-13 

-15 
-8 
-3 

-5 
-3 
-1 

-5 
-2 
-2 

-10 
-6 
-3 

-8 
-U 
-2 

-22 
-15 
-11 

-30 
-21 
-16 

23 
IB 
16 

22 
18 
16 

37 N.MI. 
IM   21 
12   16 
11   13 

ALBANY) 
15,000 
10,000 
5,000 

N.Y. 
20 
18 
10 

TO HARTFORD 
18   13  12 
1U   11   11 
9    7    6 

15 
13 
a 

3 
3 

-1 

-5 
-3 
-6 

-23 
-20 
-11 

-20 
-16 
-9 

-in 
-12 
-7 

-U 
-12 
-7 

-17 
-14 
-8 

-31 
-25 
-18 

-38 
-32 
-23 

22 
18 
15 

22 
18 
15 

80 N.MI. 
IM   21 
12   16 
11   13 

ALBANY, 
15,000 
10,000 
5,000 

N.Y. 
-6 
-1 
0 

TO NEW YORK 
1    0   -5 
1 1   -2 
2 0   0 

-2 
0 
0 

-15 
-10 
-9 

-23 
-16 
-13 

2 
-2 
-1 

-3 
-3 

-1 
-2 
-1 

2 
1 
0 

0 
-2 
-1 

-13 
-12 
-10 

-20 
-18 
-15 

22 
17 
15 

21 
18 
15 

127 N.MI. 
IM   20 
12   15 
11   13 

ALBANY, 
15,000 
10,000 
5,000 

N.Y. 
-39 
-29 
-16 

TO ROCHESTER, N 
-27 -21  -25 
-20  -16  -19 
-11  -10  -11 

.Y. 
-27 
-21 
-12 

-41 
-32 
-2 1 

-U9 
-38 
-26 

38 
28 
15 

26 
19 
n 

21 
16 
10 

2k 
19 
10 

26 
20 
11 

13 
10 
3 

6 
U 

-2 

22 
17 
15 

21 
18 
15 

171 N.MI. 
IM   20 
12   15 
11   13 

ALBANY, 
15,000 
10,000 
5,000 

N.Y. 
-38 
-29 
-16 

TO SYRACUSE 
-27  -21  -21* 
-20  -16  -19 
-12  -10  -11 

-27 
-20 
-12 

-1*1 
-32 
-21 

-l«8 
-38 
-26 

36 
2S 
15 

26 
19 
11 

21 
16 
10 

23 
18 
10 

26 
20 
11 

13 
9 
2 

6 
1» 

-3 

22 
18 
15 

22 
18 
15 

tOM N.H1. 
IM   21 
12   16 
11   13 

ALBUQUERQUE 
15,000   28 
10,000   18 
5,000    5 

TO AMARILLO 
22    9   13 
13   5    9 
4   3   1 

17 
11 
3 

6 
2 

-3 

0 
-2 
-7 

-28 
-18 
-5 

-23 
-lU 

-9 
-5 
-3 

-1U 
-9 
-2 

-17 
-11 
-3 

-30 
-20 
-10 

-37 
-25 
-lu 

19 
11» 
11 

17 
12 
11 

2M1 N.MI. 
II   16 
10   12 
8   10 

ALBUQUERQUE 
15,000    U 
10,000    2 
5,000    6 

TO DENVER 
5 7    2 
3   "♦    2 
6 7    6 

3 
6 

-6 
-5 

1 

-12 
-9 
-3 

-6 
-3 
-6 

-6 
-I» 
-6 

-7 
-k 
-7 

-3 
-3 
-6 

-6 
-3 
-6 

-16 
-11 
-12 

-22 
-15 
-15 

19 
13 
9 

17 
11 
10 

295 N.MI. 
11   16 
9   12 
7    9 

ALBUQUERQUE 
15,000    0 
10,000    0 
5,000   -6 

TO EL PASO 
-1   -6    0 
-1   -3   -2 
-6   -7   -5 

-2 
-2 
-6 

-12 
-9 

-12 

-17 
-13 
-15 

-2 
-1 
6 

-1 
0 
6 

5 
3 
7 

-1 
I 
5 

1 
1 
6 

-9 
-7 
0 

-15 
-11 
-3 

18 
13 
10 

16 
1 1 
10 

195 N.HI. 
10   15 
9   11 
6    9 

ALBUQUERQUE 
15,000   26 
10,000   17 
5,000    3 

TO LUBBOCK 
21    6   12 
12  u   r 

1   -1   -2 

15 
9 
0 

M 
1 

-6 

-1 
-3 

-10 

-27 
-17 
-3 

-21 
-12 
-2 

-6 
-t» 

I 

-13 
-a 

i 

-15 
-10 

0 

-28 
-18 
-7 

-35 
-23 
-11 

18 
1U 
11 

17 
12 
1 1 

251 N.MI. 
II   16 
9   1? 
8   10 

ALBUQUERQUE 
15,000  -2'» 
10,000  -13 
5,000   -3 

TO PHOENIX 
-19  -10  -11 
-11   -6   -7 
-3   -1    3 

-15 
-9 
-! 

-26 
-16 
-6 

-32 
-2 1 
-8 

23 
13 
3 

19 
10 
2 

9 
5 
1 

10 
7 

-3 

IM 
8 
1 

U 
1 

-1» 

-1 
-3 
-7 

18 
13 
8 

16 
10 
8 

286 N.MI. 
10   15 
9   11 
5    7 

ALBUQUERQUE 
15,000   18 
10,000   12 
5,000   -1 

TO ROSWELL 
15    2    9 
B    1    M 

-2   -5   -5 

10 
6 

-1 
-2 

-10 

-6 
-6 

-13 

-20 
-13 

1 

-16 
-9 
2 

-2 
-2 
5 

-9 
-5 
5 

-11 
-7 
3 

-23 
-15 
-3 

-30 
-20 
-6 

19 
IM 
10 

17 
12 
10 

H»l N.MI. 
11   16 
9   12 
7    9 

ALBUQUERQUE 
15,000   15 
10,000    8 
5,000    6 

TO SANTA FE 
12    9    6 
7    5    5 
6    6» 

10 
6 
5 

0 
-2 
-1 

-6 
-6 

-16 
-9 
-6 

-13 
-8 
-6 

-9 
-5 
-6 

-7 
-6 

-11 
-7 
-6 

-22 
-15 
-11 

-29 
-19 
-15 

20 
IM 
10 

17 
12 
10 

M2 N.MI. 
11   16 
10   12 
7    9 

ALEXANDRIA TO BATON ROUGE 
15,000   22   19    H   10 
10,000   in   11    0    7 
5,000    5    3    0    3 

13 
7 
3 

2 
-2 
-5 

-3 
-6 
-9 

-2U 
-15 
-6 

-21 
-12 
-u 

-k 
-1 
-1 

-11 
-7 
-3 

-lU 
-8 
-3 

-26 
-18 
-11 

-33 
-23 
-16 

17 
lit 
IM 

17 
IM 
15 

87 N.MI. 
11    16 
10   13 
9   12 

ALEKANDRIA 
15,000  -20 
10,000  -13 
5,000   -* 

rO SHHEVEPORT 
-17   -»»  -10 
-10    0   -6 
-2    0   -2 

-11 
-7 
-2 

-2» 
-16 
-10 

-31 
-21 
-15 

17 
1 1 
H 

16 
9 
2 

3 
0 

-1 

9 
6 
2 

10 
6 
1 

0 
-3 
-6 

-5 
-7 

-1 1 

18 
IM 
IM 

1/ 
IM 
t 4 

93 N.MI. 
1t   17 
10   13 
9   12 

.HEADWINDS—COMPUTED FOR A  U50-KT AIRSPEED. 
••«--DENOTES ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

»INUS SIGNS DENOTE HEADWINDS. 
THE BOEING COMPANY 
TRANSPORT DIVISION 

NO.  06-9176 
PAbE      25 



HEIGHT 
IN 

FEET 

EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

   E Q U I V A L E N T 
DIRECT  

JAN  APR  JUL  OCT ••A50  A75  A85 

ALLENTOWN TO CLEVELAND 
15,000 -It2     -29 -J9 -2U 
10,000  -30  -22 -15 -19 
5,000  -16  -12   -9 -10 

ALLENTOWN TO HARRISBURG 
15,000  -Ul  -27 -18 -25 
10,000  -29  -20  -I* -19 
5,000  -15  -11   -8 -10 

ALLENTOWN TO NEW YORK 
15,000   i«l   29   19 21» 
10,000   30   22   15 19 
5,000   16   12    9 10 

ALLENTOWN TO PHILADELPHIA 
15,000    2    7    3 0 
10,000    5    6    4 2 
5.000    3    l»    2 2 

ALLENTOWN TO PITTSBURGH 
15,000  -U3  -29  -19 -25 
10,000  -31  -22  -15 -20 
5,000  -16  -12   -9 -10 

ALLENTOWN TO READING 
15,000  -38  -2U  -16 -23 
10,000  -26  -18  -12 -17 
5,000  -U   -9   -7 -9 

ALLENTOWN TO SCRANTON 
15,000  -II  -12   -7 -5 
10,000  -10  -10   -7 -5 
5,000   -5   -6   -i» -3 

ALLENTOWN TO SYRACUSE 
15,000   -8  -10   -5 -3 
10,000   -7   -8   -6 -I* 
5,000   -It        -5   -3 -2 

-27 -i»l -50 
-21 -32 -38 
-11  -20  -25 

-26 
-20 
-11 

27 
21 
11 

-27 
-21 
-1 1 

-21» 
-18 
-9 

-8 
-8 
-I» 

-6 
-6 
-3 

-Ul 
-31 
-20 

11« 
10 
3 

-10 
-6 
-6 

-1*2 
-32 
-20 

-39 
-29 
-19 

-21 
-18 
-13 

■19 
■16 
■12 

-50 
-37 
-25 

■17 
•12 
II 

-51 
-58 
-25 

-47 
-36 
-21* 

-29 
-21» 
-18 

-26 
-22 
-17 

ALLENTOWN TO WASHINGTON, D.C. 
15,000  -28  -16  -II  -18   -17 -31 -39 
10,000  -18  -12   -8  -12   -12 -23 -29 
5,000   -9   -6   -l*   -6    -6 -15 -20 

AMARILLO TO COLORADO SPRINGS 
15,000  -18  -13   -5 -II 
10,000  -12   -7   -3 -7 
5,000    0    1    i* 2 

AMARILLO TO DALLAS 
15,000   25   20    5 13 
10,000   17   12    3 8 
5,000    5    3    12 

AMARILLO TO DENVER 
15,000  -16  -II   -1* -10 
10,000  -II   -7   -2 -6 
5,000    1    2    l. 3 

AMARILLO TO LUBBOCK 
15,000   -I*   -3   -3 0 
10,000   -2   -l*   -2 -I 
5,000   -5   -6   -9 -5 

AMARILLO TO OKLAHOMA CITY 
15,000   31   21»    8 IS 
10,000   21   16    5 10 
5,000    8    7    7 5 

II      -22     -29 
-7     -15     -20 

2        -5       -9 

IH 3 
9 I 
2        -5 

-2 
-i» 

10 

-10     -21     -27 
-6     -U     -19 

3        -I»        -8 

-13 -19 
-II -15 
-II»      -18 

18 6 
12 3 

7        -I 

HEADWINDS«  
£    £    J    fj   ff   C    ' 

JAN  APR  JUL  OCT   A50  A75  ASS 

Ul 
29 
16 

39 
28 
11» 

26 
21 
12 

25 
19 
10 

19 
15 
9 

17 
13 
8 

23 
19 
10 

24 
18 
9 

-•»2 -30 -20 -25 
-31 -23 -16 -19 
-16  -13   -9  -10 

-7  -10 
-7   -8 
-i»   -5 

1*2 
30 
16 

36 
25 
13 

25 
16 
9 

16 
I 1 
-1 

-27 
-18 
-6 

28 
21 
12 

7 10 
7 8 
k 5 

15 
10 
5 

11 
7 

-2 

-22 
-12 
-i» 

11» 10 
10 6 
-1   -3 

I 1 
1 3 
»    5 

-32  -25 
-21  -16 
-8   -7 

-l» 

-5 
-3 

19 
15 
8 

-2 
-3 
-2 

21* 
19 
10 

22   16   22 
17   12   16 
9    7    8 

3 7 1* 
5 6 5 
3    l»    3 

10 
7 

-5 
-3 
-1 

2 
-5 

16 
II 
5 

10 
6 

-3 

-13 
-8 
-2 

9 
6 

-3 

2   -1 
2    1 
9    5 

-8  -IS 
-6  -10 
-7   -6 

26 
20 
II 

25 
19 
10 

II» 
10 
3 

12 
8 
1 

8 
5 

-2 

-28 -1*3 -51 
-21 -33 -39 
-12  -21  -26 

-6 -19 -26 
-6 -16 -22 
-3  -12  -17 

27 
21 
11 

23 
17 
9 

11* 
10 
3 

10 
6 
0 

8 
5 

-2 

3 

-5 

-7 -11* 
-l* -10 
-5  -10 

-9 -16 
-6 -II 
-6  -11 

15    3 
II    1 
6   -3 

-i* 

-5 
-8 

9 
6 

-3 

-1 -6 
-2 -6 
-9  -13 

-15  -28  -35 
-10  -19  -21* 
-3  -11  -16 

-2 -7 
-2 -7 
10  -13 

1 -10  -16 
2 -7  -II 
6   -2   -6 

-18  -32  -HO 
-»3  -23  -28 
-7  -15  -20 

•HtAOWlNOS--COMPUTED FOR *  %50-KT AIRSPEED. 
..A--ÜENOTES ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELI ABILIT1F<; 

MINUS SIGNS OENOrt MEAOWINOSi •••»«». 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

29»» N.MI. 
21 20 12 19 
16 17 II IS 
II»   li»   10   12 

22 
17 
15 

22 
18 
15 

22 
18 
15 

21 
17 
14 

22 
18 
15 

22 
18 
15 

22 
17 
15 

21 
17 
15 

19 
II» 
II 

18 
11» 

13 

19 
13 
II 

19 
II« 
H 

19 
K 
13 

70 N.MI. 
22 13 20 
18 12 15 
15   10   13 

75 N.MI. 
22 13 20 
18 12 15 
15   11   13 

22 
18 
15 

l»7 N.MI. 
13 20 
12 15 
11   13 

218 N.MI. 
21 12 20 
17 12 15 
1U   10   12 

22 
IB 
IS 

29 N.MI. 
13 21 
12 16 
11   13 

PACE ?6 THE BOEING COMPANY 
TRANSPORT DIVISION 

52 N.MI. 
22 13 21 
18 12 16 
15   II   13 

151 N.MI. 
21 13 20 
18 12 15 
15   II   13 

131 N.HI. 
21 13 20 
»? 12 15 
15   10   13 

259 N.MI. 
IT   II   16 
12 10   12 
11 8   10 

280 N.MI. 
»7   10   16 
13 10   12 
13    9   12 

311 N.MI. 
»7   II   16 
12 10   12 
> I    8   10 

9H N.MI. 
>8 II 16 
>3 10 13 
»3    9   II 

200 N.MI. 
18 II t6 

I* 10 13 
I*   10   12 

NO.  06-9176 



I 
I 
I 
I 

EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E Q J I V A L E N T H E A 0 M I N D S» 

IN D I R E C T R E T U R N 

FEET JAN APR  JUL OCT «»ASO A75 A85 JAN APR JUL OCT A50 A75 A85 
 1  

AMARILLO TO WICHITA 
15,000   2U 19    8 12 15 It -2 -26 -20 -8 -12 -16 -28 -35 

10,000   17 13    6 B 11 2 -3 -17 -11» -6 -9 -11 -20 -25 

5,000    7 8    9 6 8 0 -5 -8 -8 -9 -7 -8 -16 -21 

ANDERSON TO ATLANTA 
15,000  -31» -25   -7 -16 -19 -33 -42 33 23 7 15 IB 6 0 

10,000  -21» -17   -7 -11 -IU -25 -31 23 16 7 10 13 ■» -1 

5,000  -13 -10   -5 -U -8 -16 -21 12 9 5 k 7 -1 -5 

ANDERSON TO GREENVILLE 
15,000   26 18    6 12 |l» 3 -3 -30 -20 -6 -1U -16 -30 -38 

10,000   18 13    6 9 11 1 -i» -20 -11» -6 -10 -12 -22 -28 

5,000   10 7    U 3 6 -2 -7 -11 -8 -I» -u -6 -15 -19 

ASHEVILLE TO ATLANTA 
15,000  -30 -20   -6 -13 -16 -29 -38 28 18 6 12 11» 3 -3 

10,000  -20 -1U   -6 -9 -12 -22 -27 18 13 6 9 11 2 -3 

5,000  -11 -8   -U -H -6 -15 -19 10 8 K 3 6 -2 -6 

ASHEVILLE TO BRISTOL 
15,000    7 I    1 3 3 -9 -15 -n -i» -1 -5 -5 -17 -21» 

10,000    3 1    1 2 2 -8 -13 -5 -2 -1 -3 -3 -12 -18 

5,000    2 1    0 0 ! -8 -12 -3 -2 0 -1 -1 -9 -11» 

ASHEVILLE TO CHARLOTTE 
15,000   36 29   10 17 21 8 2 -37 -30 -10 -IB -22 -37 -U6 

10,000   27 20    9 12 16 6 1 -28 -21 -9 -13 -17 -28 -31» 

5,000   11» II    6 5 9 0 -l» -15 -11 -6 -5 -9 -18 -23 

ASHEVILLE TO GREENSBORO 
15,000   38 27   10 18 21 9 3 -39 -28 -11 -19 -22 -38 -l»6 

10,000   27 19    9 13 16 6 1 -27 -20 -9 -11» -17 -28 -31» 

5,000   1"» 10    6 5 8 0 -U -15 -11 -6 -6 -9 -17 -22 

ASHEVILLE TO KNOXVILLE 
15,000  -35 -28  -10 -17 -21 -36 -i»i» 31» 27 10 16 20 8 1 

10,000  -27 -20   -9 -13 -16 -27 -33 26 19 8 12 16 5 0 

5,000  -f» -11   -6 -6 -9 -17 -22 lit 10 6 5 8 0 -i» 

ATLANTA TO AUGUSTA, GA 
15,000   Si» 27    8 15 19 7 1 -35 -28 -8 -16 -20 -35 -l»3 

10,000   25 19    7 1 1 1U 5 0 -25 -19 -7 -11 -15 -26 -32 

5,000   12 10    5 U 8 0 -l» -13 -10 -5 -5 -8 -16 -21 

ATLANTA TO BIRMINGHAM 
15,000  -36 -28   -8 -16 -20 -35 -i»3 35 27 7 16 19 7 1 

10,000  -25 -19   -7 -1 1 -15 -26 -32 25 18 6 11 11» d 0 

5,000  -13 -10   -5 -5 -8 -17 -21 13 10 5 5 8 0 -5 

ATLANTA TO CHARLESTON, S.C. 
15,000   33 27    7 15 18 7 1 -3U -27 -7 -15 -19 -3«» -l»l 

in.ooo  2U 18    6 10 13 k -1 -2i» -19 -6 -10 -11» -25 -31 

5,000 1 1 9    5 U 7 -1 -5 -12 -10 -5 -5 -7 -15 -20 

ATLANTA TO CHARLESTON, W.VA. 
15,000 20   11    5 9 10 -1   -6 
10,000 12    8    U 7 7-1-6 
5,000 7    5    2 2 l» -i»   -8 

ATLANTA TO CHARLOTTE 
15,000 31»   25    8 16 19 7    I 

10,000 21     ir      7 n i* *      0 

5,000 13   10    5 U 7 0-5 

ATLANTA TO CHATTANOOGA 
15,000 -12  -15   -U -6 -8 -20  -26 
10,000 -10   -9   -2 -% -6 -15  -21 
5,000 -M   -3   -2 -2 "3 -II  -«5 

-23 
-11» 
-8 

-36 
-25 
-13 

-13 
-9 
-5 

-26 
-18 
-10 

8 
Ö 
3 

10 
r 

-ii 
-8 
-3 

-16 
-12 
-5 

-12 
-8 

-2t» -32 
-18 -23 
-12 -17 

-20  -34  -l»3 
-15  -25  -31 
-8  -16  -21 

-5 
-1» 

-6 

-1 1 
-9 

-10 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

19 
II» 
13 

19 
15 
lit 

20 
15 
11» 

19 
15 
|i» 

20 
15 
1U 

20 
15 
11» 

20 
15 
11* 

20 
15 
11» 

19 
15 
13 

19 
15 
11« 

18 
!U 
13 

19 

13 

19 
15 
lit 

19 
15 
lU 

• HtAOWlNOS--COMPUI£D FOR A  ti50-KT AIRSPEED. 
..A--OtNOTES ANNUAL EQUIWALENI HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

MINUS SIGNS DENOTE HEADWINDS.* 
THE BOEING COMPANY 
TRANSPORT DIVISION 

18 
11« 
14 

258 N.MI. 
II 17 
10 13 
10   12 

99 N.MI. 
19 II   18 
15 10   !•» 
13    9   12 

28 N.MI. 
20 11   19 
16 10   15 
13    9   13 

IU2 N.MI. 
19 II 18 
15 10 \H 
13    9   12 

20 
16 
13 

63 N.MI. 
II   19 
II   IS 
9   13 

79 N.MI. 
20 11 19 
16 II 15 
13    9   13 

132 N.MI. 
20 II 19 
16 II 15 
13    9   12 

20 
16 
13 

7i» H. 
II 
II 
9 

MI. 
19 
15 
13 

123 N.MI. 
19 II 18 
15 10 I"« 
13    9   12 

19 
15 
I i 

18 
15 
12 

1 16 N.MI. 
ii     i a 
10   14 
9   12 

225 N.MI. 
10   17 
10   13 
9   12 

315 N.MI. 
19 11 18 
15 10 14 
13    9   12 

197 N.MI. 
19   II   18 
15   10   1U 
13    9   1? 

91 N.MI . 
19 II 18 
15 10 14 
13    9   12 

NO. 
P».&E 

06-9 176 
27 



HEIGHT 
IN 

FEET 

EQUIVAIENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

E Q U I V A I E N T 
DIRECT 

JAN  APR  JUL  OCT ••A50  A75  A85 

ATLANTA TO CINCINNATI 
15,000    1   -3-1 o 
10,000   -1-2    0 0 
5,000    0    0    0 0 

ATLANTA TO COLUMBIA 
I5i000   35   27   8 16 
10,000   25   19    7 l) 
5,000   13   10    5 5 

ATLANTA TO COLUMBUS 
15,000 -18  -11   -3 -7 
10000 -12   -8   -5 -5 
5,000   -8   -6   -3 -2 

ATLANTA TO GREENSBORO 
15,000   33   23   8 15 
10,000   23   16    7 II 
5,000   12    9    5 U 

ATLANTA TO GREENVILLE 
15,000   32   22    7 11» 
10,000   22   16    7 10 
5,000   12    9    5 i, 

ATLANTA TO INDIANAPOLIS 
15,000 -7   -9   -3 -5 
10,000 -6   -6   -2 -3 
5,000 -3   -3   -2 -2 

ATLANTA TO JACKSONVILLE 
15,000   15   15    2 7 
10,000   TO   10    1 i» 
5,000    2    3    12 

ATLANTA TO KNOXVILLE 
15,000 11    3    I 
10,000 6    3    2 
5,000 3    2    1 

ATLANTA TO LOUISVILLE 
15,000 -6   -8   -3 -1» 
10,000 -5   -6   -2 -3 
5,000 -3   -2   -1 -2 

ATLANTA TO MACON 
15,000 U   U    3 f 
10,000 119    15 
5,000 '♦'♦2 2 

ATLANTA TO MELBOURNE 
15,000 12   12    1 It 
10,000 ?    7   -I 2 
5,000 -110 0 

ATLANTA TO MEMPHIS 
15,000 -31»  -27   -8 -16 
10,000 -214  -18   -6 -II 
5,000 -12  -10   -5 -5 

ATLANTA TO MOBILE 
15,000 -28  -20   -U -12 
10,000 -19  -11»   -6 -7 
5,000 -11   -9   -5 -k 

AfLANM TO MONTGOMERY 
15,000 -30  -21   -6 -13 
10,000 -21  -15   -6 -9 
5,000 -12   -9   -5 -i, 

-1     -II     -18 
-1     -10     -15 

0       -8    -12 

20 8 
15 5 
8 0 

2 
0 

-i* 

-9 -21 -28 
-7 -16 -21 
-5     -13     -17 

18 6 
U It 

7       -1 

17 5 
13 3 

7       -1 

I 
0 

-5 

-5 -17 -23 
-t -13 -18 
-2     -10     -lit 

9 -I -6 
6 -3 -7 
2        -5       -9 

-7 -13 
■6 -1 1 
-6     -II 

-5 -16 -22 
-1 -13 -18 
"2     -10     -U 

9 -2 -8 
6 -3 -8 
3       -5     -10 

6 -3 -7 
3 -I» -9 
0        -7     -11 

19 -31» -l»2 
11» -25 -31 
-8     -16     -21 

1* -28 ^35 
II -20 -26 
-7     -15     -19 

-16     -30     -38 
-12     -22     -28 
-7     -15     -20 

HEADWINDS«  
RETURN 

JftN     APR     JUL      OCT        A50 A/5  A85 

-6 
-2 
-1 

-36 
-26 
-13 

15 
11 
7 

-28 
-20 
-10 

-8 
-7 
-6 

-35 -25 
-21» -17 
-13  -10 

-31» -21» 
-23 -17 
-13   -9 

18 
12 
-3 

-16 
-10 
-i» 

-lit -6 
-8 -it 
-i»   -3 

-3 
-I 
-1 

-2 
-2 
-1 

17  -16   -1» 
12  -II   -2 
-i»   -i»   -2 

32 
21» 
12 

27 
19 
I I 

?9 
20 
I 1 

26 
18 
9 

18 
13 
8 

20 
IN 
9 

•HEADWINDS—COMPUTED FOR A  U50-KT AIRSPEED 
•.A--0ENOrfcS ANNUAL EQUIVALENT HEAOMlNDS FOR* 

MINUS SIGNS DENOTE HEADWINDS; 

-17 
-12 
-5 

-8 -16 
-8 -12 
-5   -5 

-15 
-11 
-i» 

-5 
-i* 

-I 

-a 
-5 
-2 

-15  -13   -I   -5 
-8   -8    0   -3 
0-2    0-1 

15 
II 
U 

I I 
7 
3 

12 
8 

-I  -13  -19 
-I   -9  -11» 
0   -6  -12 

-20 -36  -itit 
-15  -26  -32 
-8  -17  -21 

-3   -9 
-3   -8 
-it   -8 

-19  -3it  -lt2 
-U  -25  -31 
-8  -16  -20 

-18  -33  -Itl 
-II»  -21»  -30 
-7  -16  -21 

3 
3 
2 

-7 -13 
-6 -1 I 
-6  -10 

-10 -22 -28 
-6 -16 -21 
-2  -10  -11» 

-6 -18 -25 
-l» -13 -19 
-2  -10  -15 

-8 -11» 
-6 -II 
-7  -II 

-10 -22 -29 
-7 -17 -22 
-3  -11  -15 

-7 
-i» 

0 

-18  -25 
-13  -17 
-7  -II 

18    7 
Ht    l» 
7   -I 

13    2 
10    2 
6   -1 

15 
11 

T 

I 
-1 
-5 

-3 
-3 
-5 

-2 
-3 
-5 

NOICATEO PER CENT RELIABILITIES. 

STANDARO DEVIATION 

JAN  APR  JUL  OCT 

321» N.MI. 
19 19 11   16 
11» IS 10   |l» 
lit 13 9   12 

166 N.MI. 
19 18 11   18 
15 15 10   li» 
13 13 9   12 

19 
15 
II» 

19 
15 
li« 

19 
11» 
13 

17 
1U 
13 

19 
15 
li« 

19 
II« 
IU 

19 
15 
U 

16 
13 
12 

19 
IM 
IU 

17 
IU 
13 

18 
11» 
15 

PAGE ?B THE BOEING COMPANY 
TRANSPORT DIVISION 

73 N.MI. 
18 11 17 
15 10 II« 
13    9   12 

265 N.MI. 
19 19 II 18 
IU 15 10 II» 
13   12    9   12 

126 N.MI. 
19 II (8 
15 10 U 
13    9   12 

376 N.MI. 
19 11 18 
15 10 II» 
13    9   12 

2I»1 N.MI. 
17 10 16 
»l»    9   13 
12 9   11 

132 N.MI. 
19 11 18 
15   10   11» 
13 9   12 

279 N.MI. 
19 11 18 
15 10 IU 
13    9   12 

70 N.MI. 
19   11   18 
15 10   IU 
13    9   12 

386 N.MI. 
16 9   IU 
13    9   12 
11 8   l| 

288 N.MI. 
18 10 17 
15 10 IU 
13    9   12 

263 N.MI. 
17 10   16 
U    9   13 
12 9   11 

128 N.MI. 
18 10   17 
15   10   IU 
13 9   12 

NO.  06-9 176 



I 
I 

EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

I 
I 
! 

HEIGHT 
IN 

FEET 

E Q U I V A L E NT 

JAN  APR 
DIRECT 

JUL     DCT   "ASO     ATS     A85 

ATLANTA TO NASHVILLE 
15,000  -19  -18   -5 -10 -»2 
10,000  -15  -12   -"»   -7 -9 
5,000   -8   -6   -U   -3 -5 

ATLANTA TO NEW ORLEANS 
15,000  -30  -21   -k     -12 -15 
10,000  -20  -15   -5  -7 -11 
5,000  -12   -9       -5   -"» -7 

ATLANTA TO ORLANDO 
15,000   II   11     1    •» 6 
10,000    6    7-12 3 
5,000   -110    0 0 

ATLANTA TO RALEIGH 
15,000   35   26    9        16 20 
10,000   25   18    8   12 15 
5,000   13   10    5    •» 8 

ATLANTA TO ROME 
15,000  -21  -19   -5  -10 -13 
10,000  -16  -13   -3   -7 -9 
5,000   -7   -6   -3   -3 -5 

ATLANTA   TO   ST.   PETERSBURG 
15,000           1*           5           0           1 2 
10,000           13-20 0 
5,000       -3        -»        -2        -I -2 

ATLANTA TO SAVANNAH 
15,000   26   23    5   12 15 
10,000   19   15    k           8 II 
5,000    8    7    3    3 5 

ATLANTA TO TALLAHASSEE 
15,000   -5   -1   -1   -2 -2 
10,000   -3   -1   -3   -1 -2 
5,000   -5   -3   -2   -I -2 

ATLANTA TO TAMPA 
15,000    5    6    0    1 2 
10,000    2    3-20 1 
5,000   -3   -1   -2   -1 -2 

ATLANTIC CITY TO NEW YORK 
15,000   21   II    8   It 13 
10,000   13    8    6   10 9 
5,000    7    3    3'» >♦ 

ATLANTIC CITY TO WASHINGTON, D.C. 
15,000  ->»1  -29  -17  -21» -26 
10,000  -29  -22  -!•»  -18 -20 
5,000  -15  -12   -8   -9 -11 

AUGUSTA, GA. TO CHARLESTON, S.C. 
15,000   31   26    7   U 18 
10,000   23   18    6    9 13 
5,000   10    9    5    U 7 

AUGUSTA, GA. 
15,000 29 
10,000 20 
5,000 11 

TO COLUMBIA 
21    7   1U 
15    7   10 
8    >»    •» 

16 
12 

T 

AUGUSTA, &A. TO   JACKSONVILLE 
15,000 -1 1         -1         -' -' 
10,000 -1 1          -2         -1 -1 
5,000 -"» -2         -2         -"> "2 

-21» 
-19 
-13 

-29 
-21 
-15 

-3 
-5 
-7 

-25 
-19 
-13 

-7 
-8 
-9 

•12 
-1 1 
-10 

-6 
-7 
-9 

-l»l 
-il 
-20 

6 
i 

-1 

-10 
-10 
-9 

-32 
-21» 
-18 

-36 
-26 
-19 

-33 
-25 
-17 

•12 
•12 
■13 

-2 
-3 
-6 

17 
15 

•1U 

•1 1 
•1 I 
■12 

-6 
-7 
-9 

■50 
-i7 
-25 

0 
-1 
-5 

-1 
-2 
-6 

16 
■1U 

1 \ 

HEADWINDS*  
RETURN 

JAN  APR  JUL  OCT   A50  ATS  A85 

15 
13 
7 

28 
20 
1 1 

-13 
-8 
0 

-37 
-25 
-1U 

18 
la» 
6 

-28 
-20 
-8 

-25 
-15 
-8 

UO 
29 
15 

-33 
-23 
-1 1 

■31 
-21 
•12 

-2 
0 
J 

16 
II 
5 

20 
II» 
8 

-12 
-8 
-2 

-27 
-19 
-10 

17 
12 
5 

-21» 
-16 
-7 

-2 
0 
2 

-8 
-l« 

1 

-13 
-10 
-u 

27 
21 
11 

-27 
-18 
-9 

-22 
-15 
-9 

-u 
-2 

1 

-9 
-7 
-1» 

17 
13 
8 

II 
7 

-I -5 
0 -3 
0   -1 

-9 -17 
-8 -12 
-5   -5 

-2 
-I 
0 

12 
-8 
-i» 

-2 
-I 
0 

-16 
-11 
-5 

23 
17 
9 

■7 -15 
-6 -10 
-5   -U 

-U 
-10 
-u 

10 
8 
i» 

IU 
II 
7 

-7 
-I» 
0 

-21 
-15 
-8 

II 
8 
l» 

-3 
-I 

1 

16 
•11 
-6 

-I 
1 

-15 
-10 
-5 

25 
19 
10 

■18 
•13 
-7 

-17 
-13 
-7 

-1 
0 
2 

-1 
-I 
-I» 

-18 
-12 
-7 

-35 
-26 
-16 

0 
-1 
-I» 

-13 
-9 
-6 

-29 
-2! 
-13 

-10 
-7 
-5 

-11» 

-9 
-6 

-29 
-2 1 
-IU 

12 
9 
2 

-33 
-21» 
-15 

-31 
-23 
-15 

•1 1 
-8 
-6 

-6 
-6 
-8 

-2 
-2 
-5 

-2i» 
-17 
-II 

-U3 
-32 
-21 

-6 
-6 
-8 

-18 
■11» 
-9 

-37 
-27 
-18 

•15 
■12 
•10 

19 
II» 

■10 

-36 
-27 
-19 

6 
U 

-3 

-U1 
-30 
-20 

•39 
•29 
-20 

-17 
-13 
-10 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

19 
15 
11« 

17 
13 
13 

16 
13 
12 

18 
11» 
13 

19 
15 

16 
13 
12 

18 
II» 
13 

17 
|l» 

13 

16 
13 
12 

22 
18 
15 

21 
17 
15 

18 
15 
1 i 

19 
15 
IU 

17 
IU 
1 5 

186 N.MI. 
19 11 18 
15 10 IU 
13    9   12 

16 
IU 
12 

16 
13 
11 

369 N. 
10 
9 
8 

MI. 
16 
13 
11 

3U5 N.MI. 
9 15 
9 12 
8   11 

309 N.MI. 
IB 10 18 
15   10   IU 
12 9   12 

56 N.M1- 
19 II 18 
15   10   IU 
13 9   12 

16 
13 
1 1 

18 
15 
12 

17 
IU 
12 

16 
13 
1 1 

355 N. 
9 
9 
8 

HI. 
15 
12 
1 I 

193 N.MI. 
10   17 
10   13 
9   12 

195 N.MI. 
10   16 
10   13 
9   12 

355 N, 
9 
9 
8 

Ml. 
15 
12 
1 1 

80 N.MI. 
22 13 20 
18 12 15 
15   11   13 

21 
17 
IU 

18 
15 
12 

120 N.MI. 
12 20 
11 15 
10   13 

101 N.MI. 
10   17 
10   IU 
9   12 

55 N. 
19   11 
15   10 
13    9 

i r 
IU 
12 

178 N. 
10 

9 

MI. 
18 
IU 
12 

Ml. 
16 
1 i 
1 1 

.HEAOWINOS--COMPUTEO FOR *  USO-KT AIRSPEED. 
••»--DtNOTtS *SNUAL EQUIWALEMT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

«MSUS SIGNS DENOTfc MfcAOWINOS. 
THE BOEING COMPANY 
TRANSPOR1 DIVISION 

HO.  D6-9IT6 
PAGE       29 



EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOK GREAT CIRCLE AIR ROUTES 

HEIGHT E Q U I V A L E N T H E A D W I N D S» STANDARD DEVIATION 
IN 0 I R E C T R E T U R N 

FEET JAN APR  JUL OCT • •A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL  OCT 

AUGUSTA, GA. TO SAVANNAH 91 N.MI. 
15,000 11 11    2 I« 6 -1» -10 -14 -13 -2 -5 -8 -19 -26 18 18 10   17 
10,000 8 8    1 2 U -5 -9 -10 -9 -1 -3 -5 -15 -20 15 15 10   14 
5,000 1 2    1 1 1 -6 -10 -2 -3 -1 -1 -2 -10 -14 13 12 9   12 

AUGUST« , ME. TO BANGOR 50 N.MI. 
15.000 32 20   18 2k 23 9 2 -34 -21 -19 -25 -24 -39 -47 23 22 15   22 
10,000 23 12   12 16 15 U -1 -24 -14 -13 -17 -16 -28 -34 18 18 13   16 
5,000 10 7   10 9 9 0 -5 -11 -8 -10 -10 -10 -19 -24 16 15 12   13 

AUGUST« , ME. TO LEWISTON 21 N.MI. 
15,000 -ik -22  -19 -25 -2k -39 -47 33 20 18 23 23 9 2 23 22 15   22 
10,000 -2k -14  -13 -17 -16 -28 -34 23 13 12 16 15 5 -1 18 18 13   16 
5,000 -11 -8  -10 -10 -10 -19 -24 11 7 9 9 9 0 -6 16 16 12   13 

AUGUST« , ME. TO ROCKLAND 33 N.MI. 
15,000 28 22   20 20 22 9 1 -31 -23 -20 -22 -24 -38 -46 23 22 15   22 
10,000 25 17   16 17 18 7 1 -26 -18 -16 -18 -19 -30 -37 18 18 13   16 

® 5,000 |i* 10   10 10 11 2 -4 -15 -10 -11 -11 -11 -21 -26 16 16 12   13 

AUSTIN TO DALLAS 159 N.MI. 
15,000 1 1 8    4 2 6 -k -9 -14 -10 -4 -3 -7 -18 -24 18 16 10   16 
10,000 9 7     14 2 6 -3 -7 -H -8 -4 -3 -6 -15 -19 14 13 10   12 
5,000 I 7    9 U 7 -1 -6 -7 -8 -9 -4 -7 -15 -1« 14 13 9   12 

AUSTIN TO FT . WORTH 1S6 N.MI. 
15,000 9 6    k 2 5 -5 -10 -12 -8 -4 -3 -6 -17 -22 18 16 10   16 
10,000 8 7    •» 2 5 -3 -8 -9 -7 -4 -2 -6 -14 -19 14 15 10   12 
5,000 6 7    9 it 7 -1 -6 -7 -7 -9 -4 -7 -15 -19 14 13 9   12 

AUSTIN TO HOUSTON 132 N.MI. 
15,000 26 22    2 10 \k 2 -3 -27 -22 -2 -10 -14 -27 -35 17 16 10   15 
10,000 16 12    1 6 8 -1 -5 -17 -13 -1 -6 -9 -18 -23 13 13 10   12 
5,000 I 3   -1 2 2 -5 -9 -8 -4 0 -2 -3 -11 -15 14 12 8   12 

AUSTIN TO SAN ANGELD 158 N.MI. 
15,000 -26 -21   -1 -10 -13 -27 -34 25 20 0 10 13 1 -4 17 16 10   15 
10,000 -16 -12   -1 -6 -8 -17 -22 15 11 1 6 8 -1 -5 13 13 10   12 
5,000 -7 -2    2 - 1 -1 -10 -14 6 2 -3 1 1 -7 -11 14 13 9   12 

AUSTIN 10 SAN ANTONIO 61 N.MI. 
15,000 -2«t -19   -U -7 -12 -2»» -31 22 17 4 7 11 1 -4 17 16 10   15 
10,000 -17 -13   -5 -5 -10 -19 -24 17 13 5 4 9 1 -4 13 13 10   12 
5,000 -11 -9   -8 -5 -8 -16 -20 10 9 8 5 8 0 -4 14 13 9   12 

AUSTIN ro WACO 83 N.MI. 
15,000 12 9    k i 6 -I» -9 -14 -10 -4 -3 -7 -18 -24 18 16 11   16 
10,000 10 8    l» 2 6 -2 -7 -11 -9 -5 -3 -7 -15 -20 14 13 10   12 
5,000 7 8    9 1» T -1 -5 -8 -8 -9 -5 -8 -15 -20 14 13 9   12 

BAKERSF1ELD TO FRESNO 86 N.MI. 
15,000 -\k -10    0 -U -6 -19 -26 13 9 0 3 5 -6 -12 22 19 11   17 
10,000 -10 -9    1 -3 -1» -11» -19 9 8 -2 2 4 -5 -10 16 14 9   li 
5,000 -u -H   -2 -U -1* -10 -13 3 4 2 4 3 -3 -6 11 9 7    9 

BAKERSFIELD TO LOS ANGELES 96 N.MI. 
15,000 12 8   -1 2 U -7 -12 -13 -9 1 -3 -5 -17 -24 21 18 II   16 
10,000 B 8   -2 2 3 -5 -10 -9 -9 2 -2 -4 -13 -18 16 14 9   12 
5,000 u 5    1 i 3 -3 -6 -5 -5 -1 -5 -3 -9 -13 11 9 7    9 

BAKERSFIELD TO VISALIA 56 N.MI. 
15,000 -13 -9    0 -i -5 -18 -25 11 7 -1 3 4 -7 -13 22 19 11   17 
10,000 -9 -8    2 -2 -i» -13 -19 8 7 -2 2 3 -6 -10 16 14 9   13 
5,000 -H _i,   _2 -u -i -9 -13 3 4 2 4 3 -3 -6 11 9 7    9 

BALTIMORE IC BOSTON 321 N.MI. 
15,000 ik 22   15 21 22 10 3 -37 -23 -16 -23 -23 -37 -45 21 20 13   19 
10,000 2U 16   1! 16 16 6 1 -25 -18 -12 -17 -17 -28 -34 17 17 11   15 
5,000 12 8    7 8 9 0 -4 -13 -9 -J -9 -9 -18 -23 14 14 10   12 

.HEADWINDS--COMPUIED FOR A  450-0 AIRSPEED. 
..*--DENOTES ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

«INUS SIGNS DENOTE HEADWINDS. 
THE BOEING COMPANY 

PAGE    30 TRANSPORT DIVISION 
NO.  06-9176 
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EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E 0 U I V A L E N T H E A D M I N 0 S» STANDARD DEVIATION 
IN 0 I R E C T R E T U R N 

FEET JAN APR  JUL OCT • •A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL  OCT 

BALTIMORE TO BUFFALO 2U5 N.MI. 
15,000  -17 -15   -8 -7 -11 -2t» -31 12 13 7 5 9 -3 -10 21 21 13   20 
10,000  -13 -12  -8 -7 -10 -20 -26 10 10 7 6 8 -1 -7 16 17 12   IS 
5,000   -7 -7  -5 -t» -5 -11» -19 6 6 t 3 5 -l» -8 U 11» 10   12 

BALTIMORE TO CHARLOTTE 313 N.MI. 
15,000  -31 -19   -9 -17 -18 -31 -39 28 17 9 16 16 5 -1 19 19 11   18 
10,000  -20 -II»   -7 -12 -13 -23 -28 18 13 7 11 12 2 -3 15 16 10   11» 
5,000  -10 -7   -l» -5 -6 -15 -19 10 7 t> 5 6 -2 -6 U 13 9   12 

BALTIMORE TO DETROIT 355 N.MI. 
15,000  -37 -27  -16 -20 -21» -37 -i»5 35 25 16 18 22 10 l» 20 20 12   19 
10,000  -26 -20  -U -17 -19 -29 -35 25 19 11» 16 18 8 3 16 16 11   lit 
5,000 -It» -11   -8 -9 -10 -19 -23 13 11 8 B 10 2 -3 lit It» 9   12 

BALTIMORE TO HARRISBURG 
15,000   -6   -9-3 0 
10,000   -5   -6   -1» -2 
5,000   -3   -l»   -2 -2 

BALTIMORE TO LANCASTER 
15,000   12 "♦    5 10 
10,000    7 3    2 6 
5,000    i» I    1 3 

BALTIMORE TO MONTREAL 
15,000   U 5    5 10 
10,000    8 3    3 6 
5,000    "♦ I    2 "♦ 

BALTIMORE TO NEW YORK 
15,000   36   23   15 22 
10,000   25   18   12 16 
5,000   13    9    7 8 

BALTIMORE TO NORFOLK 
15,000    15    2-2 
10,000    3    U    2    0 
5,000    2    3    11 

BALTIMOK6 10 PHILADELPHIA 
15,000   36   23   15   22 
10,000   25   18   II   16 
5,000   13    9    7    8 

BALTIMORE TO PITTSBURGH 
15,000  -39  -29  -17  -21 
10,000  -28  -22  -U  -18 
5,000  -15  -12   -8   -9 

BALTIMORE TO PROVIDENCE 
15,000   36   23   16   22 
10,000   25   18   12   16 
5,000   13    9    7    8 

BALTIMORE TO RICHMOND 
15.000  -17   -8   -5 -11 
10,000  -10   -6   -3 -7 
5,000   -5   -3   -2 -i 

BALTIMORE TO ROCHESTER, N.Y. 
15,000   -8  -10   -5 -2 
10,000   -?   -8   -5 -k 
5,000   -U   -5   -$ -2 

BALTIMORE 10 SYRACUSE 
15,000 I»   -2    I 5 
10,000 2-1-1 2 
S.OOO 1-10 1 

-U -17 -2t» 
-U -15 -20 
-3  -II  -16 

23 
17 
9 

22 
17 
9 

-5 -12 
-6 -II 
-6  -11 

-i» -10 
-5 -10 
-6 -10 

10    i» 
7    1 
0  -u 

•10 -17 
-7 -13 
-7  -11 

10    3 
6    I 
0   -"» 

-25 -i*0 -i»8 
-20 -31 -37 
-11  -19  -2U 

23  n   i» 
17    7    2 
9    1   -»• 

-10 -23 -30 
-6 -17 -22 
-3  -12  -16 

-6 -18 -25 
-6 -16 -21 
-3  -12  -16 

2 -10 -17 
0 -10 -15 
0   -8  -13 

•17 
-10 
-5 

-6 
-6 
-3 

-38 
-26 
-|i» 

37 
27 
1U 

13 
8 
k 

-6 
-3 
-2 

-18   -8 
-II   -5 
-5   -2 

-38 -25 -16 
-26 -19 -12 
-II»  -10   -7 

-25 -16 
-19 -12 
-10   -7 

27 
21 
12 

16 
IU 
8 

-9   -1   -2 
-I»    0    0 
-2    Q    0 

-2 
I 
1 

12 
-7 
-3 

-7 -12 
-l» -8 
-3   -I» 

-23 
■17 
-8 

-3 0 
-3 -1 
-2   -1 

-23 
■17 
-8 

19 
17 
9 

-38 -25 -17 -23 
-26 -19 -13 -17 
•\k     -10   -8   -9 

10 
6 

-7 
-U 
-? 

1 -11  -18 
3   -7 -13 
2 -7  -12 

-10 -23 -30 
-6 -17 -23 
-3  -12  -17 

-II -23 -30 
-6 -16 -22 
-3  -12  -16 

-24  -39  -l»7 
-18  -29  -35 
-9  -18  -23 

-I» -16 -23 
-l» -II» -19 
-2  -11  -15 

-21»  -39  -l»T 
-18  -29  -35 
-9  -18  -21» 

21» I 1 
19 9 
10    2 

■21» 
-18 
-10 

-<» 
-5 
-6 

-9 
-6 
-6 

-38 -l»6 
-29 -35 
-18  -23 

-11 
-10 
-11 

-16 
-II 
-II 

-5  -17  -2H 
-2  -12  -18 
-1   -9  -1«» 

22 
17 
15 

22 
17 
15 

21 
16 
II» 

21 
17 
15 

21 
17 
II« 

22 
17 
15 

21 
16 
IM 

21 
17 

21 
17 
15 

21 
17 
1U 

21 
17 
Ik 

• HEADWINDS —COMPUTED FOR A  l»50-KT AIRSPEED. 
••A--OENOTES ANNUAL EgUJVALtNT HEADWINDS FOR INDICaitO PER CENT RELIABILITIES. 

MINUS SIGNS DENOTE HEADWINDS. 
THE BOEING COMPANY 
TRANSPORT DIVISION 

22 
18 
15 

61» N.MI. 
13 20 
12 15 
10   13 

59 N.MI. 
22 13 20 
18   12   15 
15 10   13 

399 N.MI. 
20 13   19 
16 11   11» 
ik        10   12 

159 N.MI. 
21 13   20 
17 12   15 
15   10   13 

138 N.MI. 
20 12   19 
17 11   15 
I"*   10   13 

79 N.MI. 
21 13   20 
18 12   15 
15   10   13 

182 N.MI. 
21 12 20 
17 12 15 
11»   10   12 

281» N.MI. 
21 12 19 
17 11 15 
1"»   10   12 

105 N.MI. 
21 12 19 
17 11 15 
1U   10   13 

241 N.MI. 
21 13 20 
17 12 15 
H»   10   12 

2 38 N.MI. 
21 13 20 
17 12 15 
lit   10   12 

NO.  06-9176 
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EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E Q U I V A L E N T H E A 0 W t N 0 S« STANDARD DEVIATION 
IN D I REG t R E T U R N 

FEET JAN APR  JUL OCT »»ASO A75 A 85 JAN APR JUL OCT ASO A75 A85 JAN APR JUL  OCT 

BALTIMORE TO WASHINGTON, D.C • 26 N.MI. 
15,000  -32 -19  -12 -19 -19 -33 -42 29 17 11 18 17 5 -2 22 21 13   20 
10,000  -21 -in   _9 -U -11» -25 -31 19 13 8 13 13 2 -3 17 18 12   15 
5,000  -11 -7  -5 -6 -7 -16 -21 10 7 5 6 7 -2 -/ 15 15 10   13 

BALTIMORE TO WILMINGTON, DEL • 58 N.MI. 
15.000   36 23   15 22 23 10 3 -38 -25 -16 -23 -2U -39 -l»7 22 21 13   20 
10,000   25 18   12 16 17 7 1 -27 -19 -12 -17 -18 -29 -35 17 18 12   15 
5.000   13 9    7 8 9 0 -i» -11» -10 -7 -8 -9 -19 -21» 15 15 10   13 

BANGOR TO BOSTON 171» N.MI. 
15.000  -27 -15  -13 -19 -18 -32 -39 2h 13 11 17 16 3 -U 22 22 1*»   21 
10.000  -17 -9   -8 -12 -11 -22 -28 15 8 7 11 10 -1 -6 18 18 12   15 
5,000   -7 -5  -7 -7 -6 -15 -20 6 ■• 6 6 6 -l» -9 15 15 11   13 

BANGOR TO HOULTON 90 N.HI. 
15.000   20 11   10 15 11» 0 -7 -23 -13 -11 -17 -16 -30 -38 23 22 15   21 
10.000   13 5   5 9 8 -3 -9 -15 -7 -6 -10 -9 -20 -26 18 18 13   16 
5,000    5 3   6 6 5 -5 -10 -6 -I» -6 -6 -6 -15 -20 16 15 12   13 

BANGOR TO PORTLAND. ME. 9U N.HI. 
15,000  -30 -18  -16 -22 -21 -35 -U3 28 16 15 20 19 6 -1 23 22 15   21 
10,000  -20 -11  -10 -11» -11» -25 -31 19 10 9 13 12 2 -H 18 18 12   16 
5.000   -9 -6  -8 -8 -8 -17 -22 8 6 8 8 7 -2 -7 16 15 12   13 

BANGOR TO PRESQUE ISLE 117 N.MI. 
15,000   13 6    5 10 8 -5 -12 -17 -8 -7 -12 -10 -21» -32 23 22 15   21 
10,000    7 2    2 5 U -7 -13 -9 -3 -3 -6 -5 -16 -22 18 17 13   16 
5,000    1 1    3 3 2 -7 -12 -2 -2 -1» -l» -3 -12 -17 16 15 12   13 

BATOf ROUGE TO LAFAYETTE U« N.HI. 
15,000  -30 -23   -U -1 1 -16 -29 -37 29 22 3 11 15 3 -2 17 17 11   16 
10,000  -20 -15   -i» -6 -11 -2 1 -26 20 15 i« 6 10 1 -l» 11» IU 10   13 
5,000  -11 -8   -5 «i, -7 -15 -20 11 8 4 i» 7 -1 -6 11« 13 9   12 

BATON ROUGE TO LAKE CHARLES 106 N.HI. 
15,000  -31 -21»   -1» -12 -16 -30 -38 30 21» 1» 11 16 l« -1 17 17 10   16 
10,000  -21 -15   -3 -/ -11 -21 -27 20 15 3 7 10 1 -3 IU IU 10   13 
5,000  -11 -8   -k -i» -6 -15 -19 10 7 i» U 6 -2 -6 13 13 9   12 

BATON ROUGE TO NEW ORLEANS 57 N.MI. 
15,000   21 19    l» 10 12 2 -1» -23 -20 -i« -10 -13 -2 5 -32 17 17 II   16 
10,000   1U 10    0 6 7 -2 -7 -15 -11 0 -7 -8 -17 -23 11» IU 10   13 
5,000    5 3    0 3 3 -5 -9 -5 -l» -1 -3 -3 -11 -15 13 13 9   12 

BEAUMONT TO HOUSTON 68 N.MI. 
15,000  -30 -21»  -H -1 1 -16 -29 -36 29 23 ■« 10 15 it -2 17 16 10   16 
10,000  -20 -15   -3 -6 -10 -20 -26 19 15 3 6 10 1 -3 lit 13 10   13 
5,000  -11 -8   -U -1« -6 -11» -19 10 T 1» 1» 6 -2 -6 IM 12 9   12 

BEAUMONT TO LAKE CHARLES U7 N.MI. 
15,000   29 23    1» 10 IS 3 -2 -30 -23 -l» -11 -16 -29 -37 17 16 It   16 
10,000   20 15    3 6 10 1 -3 -20 -15 -l» -6 -11 -21 -26 11» IU 10   13 
5,000   II 8    5 U 6 -1 -6 -11 -8 -5 -5 -7 -15 -20 IU 13 9   12 

BEAUMONT TO SHREVEPORT 150 N.MI. 
15,000    6 2    1 0 2 -8 -13 -8 -i» -1 -1 -3 -li» -19 17 17 10   16 
10,000    5 >t    I» 0 3 -5 -10 -6 -5 -i» -1 -i» -12 -17 IU 13 10   13 
5,000    5 5    6 ? 5 -3 -8 -6 -6 -6 -2 -5 -13 -17 13 13 9   12 

BIG SPRINGS TO MIDLAND 38 N.MI. 
15,000  -28 -23   -5 -11 -15 -2 8 -36 27 22 b 10 15 3 -2 19 17 11   16 
10,000  -19 -15   -5 -7 -11 -20 -25 18 IU 5 T 10 2 -3 IU 13 10   12 
5,000   -9 -7   -6 -i* -6 -U -18 8 7 6 i 6 -2 -6 13 13 9   11 

BILLINGS 10 BISMARK 328 N.MI. 
15,000   2U 15   18 21 20 9 3 -25 -16 -19 -22 -20 -31 -37 17 17 13   16 
10,000   IB 10   12 1«. 13 5 1 -18 -10 -12 -in -H» -22 -26 13 12 10   12 
5,000 li 5    5 8 J -! -5 -13 -5 -5 -8 -8 -16 -20 12 12 10   12 

•M£4OWlNDb--COMPurE0   FOR   A      U50-KT   AIRSPEED. 
••A--OENOTtS   ANNUAL   EgUIVALENT   HEADWINDS   FOR    INDICATED   PER   CENT   RELIABILITIES. 

MINUS   SIGNS   DENOIE   HEAOwINOSi 
THE BOEING COMPANV 

PA« a NO. 06-9176 
TRANSPORT   01VIS10H 
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EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E Q U I V A L E N T H E A D W I N 0 S« STANDARD DEVIATION 
IN 0 I * E c t ft E T L) ft N 

FEET JAN APR  JUL 3CT • •A50 A75 A85 JAN APR JUL OCT A50 A75 ABS JAN APR JUL  OCT 

BILLINGS W 80ZEHAN 109 N.MI. 

15,000 -Z6 . •16 -17 -20 -20 -31 -37 25 15 17 19 19 8 2 18 17 13   17 
10,000  -IV . ■11  -9 ■ -15 -13 -22 -26 19 II 9 15 13 5 1 13 12 10   11 
5,000  -It -6  -5 -6 -7 -15 -19 13 6 5 6 7 0 -t 12 11 9   11 

BILLINtS TO CASPER I9t N.HI. 

15,000   18 10    5 12 II 0 -6 -19 -11 -6 -13 -12 -23 -30 18 17 13   17 
10,000   11» 7   3 9 8 0 -t -It -8 -t -9 -8 -17 -21 13 12 10   12 

5,000   0 2    0 1 1 -6 -10 0 -2 0 -1 -1 -8 -12 11 11 9   li 

BILLINGS TO GREAT FALLS 15t N.MI. 

15,000  -26 . -|i» -12 -18 -17 -29 -35 25 13 11 IB 16 5 0 18 17 13   16 
10,000  -19 - ■10  -7 -It -12 -21 -25 19 10 7 It 12 t 0 13 12 10   11 
5,000   -/ -i»  -3 -t -t -12 -16 6 t 3 t t -3 -7 12 11 10   11 

BILLINGS TO SHERIDAN 90 N.HI. 
15,000   2U It   1 1 18 16 5 -1 -25 -15 -12 -19 -17 -29 -36 18 18 13   17 
10,000   19 10    7 13 12 3 -1 -19 -10 -7 -It -12 -21 -26 13 12 10   12 
5,000    7 5    3 t 5 -3 -7 -8 -5 -3 -5 -5 -13 -17 12 11 10   11 

BINGHAMPTON TO PITTSBURGH 217 N.MI. 

15,000  -38 - -23  -17 -2t -2t -39 -t7 36 21 16 23 23 10 t 21 21 13  20 
10.000  -27 . -17  -13 -18 -18 -29 -35 26 16 12 17 17 7 2 17 17 12   15 
5,000  -It -9  -7 -9 -10 -19 -2t It 9 7 9 9 1 -t It 15 10   12 

8INGHAMPT0N TO SCRANTON tS N.HI. 
15,000    1» 7    U 1 t -9 -16 -8 -10 -6 -3 -7 -20 -27 22 22 It   21 
!0,000    5 6    5 3 5 -6 -12 -8 -8 -6 -t -6 -17 -23 18 IB 12   16 
5,000    3 l»    3 2 3 -6 -II -t -5 -3 -2 -t -13 -18 15 15 II   13 

BINGHAMPTON TO SYRACUSE 5t N.HI. 
15,000   -U -7   -U -1 -t -17 -2t -1 t 3 -1 1 -12 -19 22 22 It   21 
10,000   -U -6   -U -2 -t -15 -21 2 t t 1 3 -8 -It 18 IB 12   16 
5,000   -3 -14   _2 -1 -2 -1 1 -16 2 3 2 0 2 -7 -12 15 15 11   13 

BIRMINGHAM TO CHARLOTTE 30t N.MI. 
15,000   36 26    8 16 20 8 2 -37 -27 -8 -17 -20 -35 -tt 18 IB 10   17 
10,000   26 18    7 1 1 15 5 1 -26 -19 -8 -12 -15 -26 -32 It 15 10   It 
5,000   13 10   5 M 8 0 -t -It -11 -6 -5 -8 -17 -2 1 13 12 9   12 

BIRMINGHAM TO CHATTANOOGA 117 N.MI. 
15,000   2 7 17    5 1 1 It 2 -t -29 -19 -6 -12 -15 -29 -37 19 19 11   18 
10,000   )V 12    6 8 1 1 1 -t -20 -13 -6 -9 -II -22 -27 15 15 10   It 
5,000   10 8    t 3 6 -2 -6 -II -8 -t -3 -6 -15 -20 It 13 9   12 

BIRMINGHAM TO GREENSBORO 368 N.MI. 
15,000   36 25    8 16 20 8 2 -37 -27 -9 -17 -20 -35 -t3 18 18 10   17 
10,000   25 18    8 12 15 5 1 -26 -19 -8 -12 -15 -26 -32 It 15 10   It 
5,000   13 10    5 5 8 0 -t -It -10 -s -5 -8 -16 -21 15 12 9   12 

BIRMINGHAM TO HUNTSVILLE 68 N.MI. 
15,000    9 2    1 2 3 -8 -It -12 -5 -1 -H -5 -16 -23 19 19 1 1   18 
10,000    5 2    2 2 3 -6 -11 -7 -3 -3 -2 -t -13 -18 15 15 10   It 
5,000    H 3    2 1 2 -6 -1 1 -5 -3 -2 -! -3 -1 1 -15 It It 9   12 

BIRMINGHAM TO JACKSON 190 N.MI. 
15,000  -31» -21»   -6 -It -18 -33 -tl 33 23 5 It 17 5 -1 18 18 10   17 
!0,000  -ZU -17   -6 -9 -13 -2t -30 23 16 6 9 13 3 -1 It It 10   It 
5,000  -13 -10   -5 -U -8 -16 -21 12 10 5 U 7 -1 -5 It 15 9   12 

BIRMINGHAM ro KNOXVILLE 192 N.MI. 
15,000   30 19    6 13 15 t -2 -32 -21 -6 -It -16 -31 -39 19 19 1 1   18 
10,000   20 It    6 9 12 2 -3 -22 -15 -6 -10 -12 -23 -28 It IS 10   It 
5.000   11 8    t 3 6 -2 -6 -12 -9 -5 -u -7 -15 -20 It 13 9   12 

BIRMINGHAM ro MEMPHIS I8t N.HI. 
15,000  -30 -2t   -T -15 -17 -31 -39 28 23 7 It 16 5 -1 19 19 1 1   IB 
10,000  -21 -17   -5 -10 -13 -23 -29 20 16 5 10 12 2 -2 It 15 10   It 
5,000 -1 1 -8   -t -'4 -7 -15 -20 10 8 t u 6 -2 -6 It It 9   12 

•HEADWINDS—COMPUIED FOR A  t50-KT AiRSPEED- 
• •A—OfcNOItS ANNUAL EOUIVAIENT HEADWINDS FOR INDICATED PER CENT RELI AbILITIES. 
HINUS SIGNS DENOTE HEADWINDS. 

THE BOEING COMPANY 
TRANSPORT DIVISION 

NO.  06-9176 
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EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E Q U I V A L E N T H E A D W I N D S» STANDARD 

JAN  APR 

DEVIATION 
IN 

FEET 
0 I 

JAN  APR  JUL 
R E C T 
OCT ••A50 A75 AS5 JAN APR 

R E 
JUL 

T U R 
OCT 

N 
ASO A75 A8S JUL  OCT 

BIRMINGHAM TO MERIDIAN 
15,000  -36  -27   -7 
10,000  -25  -18   -6 
5,000  -13  -10   -5 

-16 
-11 
-5 

-20 
-IU 
-8 

-35 
-25 
-17 

-U3 
-31 
-22 

35 
25 
13 

26 
18 
10 

7 
6 
5 

15 
10 
U 

19 
IU 
8 

6 
U 

-I 

1 
-1 
-5 

19 
IU 
IU 

19 
15 
IU 

101 N.HI. 
11   18 
10   IU 
9   12 

BIRMINGHAM TO MOBILE 
15,000  -19  -II   -2 
10,000  -13   -8   -5 
5,000   -9   -7   -U 

-7 
-i» 

-2 

-8 
-7 
-5 

-20 
-16 
-13 

-27 
-21 
-18 

16 
12 
8 

9 
7 
6 

2 
5 
U 

6 
3 
2 

7 
6 
5 

-3 
-2 
-3 

-8 
-7 
-7 

18 
IU 
13 

17 
IU 
13 

189 N.HI. 
10   17 
10   13 
9   12 

BIRMINGHAM TO MONTGOMERV 
15,000    15    2    2 
10,000    13-22 
5,000   -1   -1   -I    1 

2 
1 

-1 

-8 
-8 
-9 

-IU 
-13 
-13 

-U 
-3 

1 

-7 
-U 
0 

-2 
1 

-3 
-2 
-1 

-u 
-2 
0 

-IS 
-11 
-8 

-21 
-16 
-12 

19 
IU 
IU 

18 
15 
13 

78 N.MI. 
11   17 
10   IU 
9   12 

BIRMINGHAM TO MUSCLE SHOALS 
15,000  -15  -15   -U   -8 
10,000  -11  -10   -2   -6 
b,000   -5   -l»   -2   -3 

-10 
-7 
-3 

-22 
-17 
-12 

-29 
-22 
-16 

12 
10 
u 

13 
9 
3 

U 
2 
2 

7 
5 
2 

8 
6 
3 

-3 
-3 
-5 

-8 
-8 
-10 

19 
15 
IU 

19 
15 
IU 

83 N.HI. 
11   18 
10   IU 
9   12 

BIRMINGHAM TO NEM ORLEANS 
15,000  -26  -17   -3  -10 
10,000  -17  -12   -5   -6 
5,000  -11   -8   -5   -3 

-12 
-10 
-6 

-25 
-19 
-IU 

-32 
-2U 
-19 

2U 
17 
10 

15 
11 
8 

2 
5 
U 

9 
5 
3 

11 
9 
6 

0 
0 

-2 

-5 
-U 
-6 

17 
IU 
13 

17 
IU 
12 

279 N.MI. 
10   16 
9   13 
9   11 

BIRMINGHAM TO PENSACOLA 
15,000  -10   -U    0   -3 
10,000   -7   -<»   -"♦   -2 
5,000   -6   -l»   -3   -1 

-1» 
-1« 

-U 

-15 
-12 
-11 

-21 
-17 
-16 

7 
5 
5 

2 
3 
U 

0 
u 
3 

2 
1 
1 

2 
3 
3 

-8 
-5 
-5 

-13 
-10 
-9 

18 
IU 
13 

17 
IU 
13 

187 N.MI. 
10   16 
10   13 
9   12 

BISBEE TO EL PASO 
15,000   25   21    3 
10,000   15   13    3 
5,000    0    1    0 

9 
5 

13 
8 

-1 

2 
1 

-6 

-3 
-3 
-9 

-26 
-15 
-1 

-22 
-13 
-1 

-3 
-3 
0 

-10 
-6 
U 

-IU 
-9 

1 

-26 
-17 
-5 

-3U 
-22 
-8 

18 
13 
10 

16 
11 
9 

166 N.MI. 
10   15 
9   II 
6    9 

BISBEE TO TUCSON 
15,000  -21  -17    1 
10,000  -12  -10    1 
5,000    i«    3    3 

-7 
-3 
5 

-10 
-5 

-22 
-IU 
-1 

-30 
-19 
-U 

20 
12 
-U 

17 
10 
-3 

-2 
-1 
-3 

6 
2 

-5 

9 
5 

-U 

-2 
-3 
-9 

-7 
-7 

-12 

19 
IU 
9 

16 
11 
8 

79 N.HI. 
10   15 
9   11 
5   8 

BISMARK TO FARGO 
15,000   26   17   ?0 
10,000   20   10   !l» 
5,000   10    i*    5 

23 
15 
9 

2J 
15 
7 

10 
6 

-2 

u 
0 

-7 

-27 
-20 
-11 

-18 
-11 
-U 

-20 
-IU 
-6 

-2U 
-16 
-9 

-22 
-15 
-8 

-3U 
-25 
-17 

-UO 
-30 
-22 

18 

IU 

18 
IU 
IU 

162 N.MI. 
13   18 
12   IU 
12   IU 

BISMARK TO JAMESTOWN 
15,000   26   16   20 
10,000   19   10   1U 
5,000   10    l«    5 

23 
IU 
8 

21 
lit 
7 

9 
5 

-3 

3 
0 

-8 

-27 
-20 
-10 

-17 
-50 
-U 

-20 
-IU 
-5 

-2U 
-15 
-9 

-22 
-15 
-7 

-33 
-2U 
-17 

-UO 
-29 
-22 

18 
IU 
IU 

18 
IU 
IU 

85 N.MI. 
13   18 
12 IU 
13 15 

BISMARK TO MINNEAPOLIS 
15,000   28   19   19 
10,000   22   13   1"» 
5,000   12    5    5 

2'« 
16 
10 

22 
16 
8 

1 1 
7 

-1 

5 
2 

-5 

-29 
-2 3 
-13 

-20 
-13 
-6 

-20 
-15 
-6 

-25 
-17 
-II 

-23 
-17 
-9 

-35 
-26 
-18 

-UI 
-31 
-22 

18 
IU 
13 

18 
IU 
IU 

335 N.MI. 
13   17 
12   IU 
12   IU 

BOISE TO PENDLETON 
15,000  -22  -12   -9 
10,000  -lU   -7   -l» 
5,000    0   -3   -i» 

-15 
-9 
0 

-8 
-2 

-26 
-17 
-8 

-53 
-22 
-11 

20 
13 
-1 

11 
r 
2 

8 
U 
U 

IU 
8 
0 

• 
12 
8 
2 

1 
-I 
-5 

-5 
-5 
-9 

20 
IU 
11 

19 
13 
10 

169 N.MI. 
13   18 
10   13 
7   10 

BOISE 
15,000 
10,000 
5,000 

TO PORTLAND, ORE 
-26  -16  -13 
-17  -11   -7 
-3   -H        -i 

'-20 
-11 
-2 

-18 
-11 
-3 

-30 
-20 
-9 

-37 
-25 
-12 

25 
16 
2 

15 
10 
u 

13 
7 
3 

19 
1 1 
2 

17 
n 
3 

6 
2 

-3 

-1 
-2 
-7 

20 
IU 
11 

19 
13 
9 

298 N.MI. 
13   18 
10   13 
7    9 

BOISE TO RENO 
15,000  -10   -8 -12 -9 -10 -21 -27 
10,000   -7   -5 -7 -6 -6 -IU -19 
5,000   -6   -5 1 -5 -3 -10 -15 

II 
7 

-1 

-3 
-2 
-5 

20 
IU 
10 

•MEADMlNDS—COMPUTED FOR A  U50-KT AIRSPEED. 
••A--DfcN01ES ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

MINUS SIGNS DENOTE HEADWINDS. 
THE BOEING COMPANY 

PAGE    5U TRANSPORT DIVISION 

291 N.MI. 
IB   12   18 
13    9   13 
9    7    9 

NO-  06-9176 



1 

I 
I 

: 

I 
I* 

1 

EQUIVALENT HEADMINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEET 

EQUIVALENT   HEADWINDS« 
DIRECT 

JAN  APR  JUL  OCT »»ASO  A75  A85 

BOISE TO SALT LAKE CITY 
15,000   20   12    8 15 13 
10,000   IJ   8    4 a 8 
S.OOO   -3    0   -1 -2 -1 

BOISE TO SEATTLE 
IS.OOO  -23  -13  -10 -16 -15 
10,000  -U   -8   -5 -10 -9 
5,000   -1   -3   -k 0 -2 

BOSTON TO BUFFALO 
15,000  -39  -27  -21 -25 -27 
10,000  -29  -20  -16 -19 -21 
5,000  -16  -12  -10 -II -12 

BOSTON TO BURLINGTON 
15,000  -20  -17  -IU -13 -16 
10,000  -10  -1»»  -12 -II -11 
5,000  -11   -8   -7 -7 -8 

BOSTON TO CONCORD 
15,000  -13  -13  -10 -8 -11 
10,000  -13  -11   -9 -7 -10 
5,000   -8   -7   -5 -5 -6 

BOSTON TO F1TCHBURG 
15,000  -36  -27  -21 -23 -26 
10,000  -28  -21  -16 -18 -20 
5,000  -15  -12  -10 -11 -12 

BOSTON TO HARTFORD 
15,000  -38  -25  -19 -2U -26 
10,000  -27  -19  -U -18 -19 
5,000  -lU  -10   -9 -10 -11 

BOSTON TO HYANNIS 
15,000         16         16         12 11 11» 
10,000         17         Mt         IT 9 12 
5,000         10           9           6 6 8 

BOSTON TO LEBANON 
15,000  -20  -18  -11» -13 -16 
10.000  -19  -1U  -12 -li -U 
5,000  -11   -9   -7 -7 -8 

BOSTON TO LEW1ST0N 
15,000     i6       7       611 ror 
10,000    B    3    3 7 5 
5,000    3    13 3 3 

BOSTON TO MANCHESTER 
15,000  -16  -15  -II -10 -13 
10,000  -15  -13  -10 -V -11 
5,000   -9   -8   -6 -6 -7 

BOSTON TO MONTREAL 
15.000  -18  -16  -IS -12 -1>» 
10,000  -16  -13  -11 -11 -12 
5,000  -10   -8   -7 -6 -7 

BOSTON TO NEW BEDFORD 
15,000   -7    0    0 -U -2 
10.000    0    2    1-2 0 
S.OOO    12    0 0 1 

BOSTON TO NEW YORK 
15,000  -35  -22  -16 -?2 -23 
10.000  -2'»  -16  -12 -16 -16 
5,000  -12   -8   -8 -B -9 

2 
0 

-7 

-27 
-18 
-8 

-Ul 
-31 
-21 

-29 
-21» 
-17 

-2U 
-21 
-15 

-40 
-32 
-22 

-UO 
-30 
-20 

1 
2 

-2 

-29 
-25 
-18 

-3 
-5 
-6 

-26 
-22 
-16 

-ZT 
-23 

16 
•to 
-8 

-I» 
-U 

-10 

-34 
-23 
-12 

-48 
-37 
-26 

-36 
-30 
-22 

-31 
-27 
-21 

-46 
-38 
-27 

-48 
-36 
-25 

-6 
-4 
-7 

-37 
-31 
-23 

1 1 
1 1 
12 

-34 
-28 
-22 

-55 
-29 
-22 

-23 
-16 
-13 

JAN      APR 
RETURN 

JUL     OCT        A50 A75  A85 

-21 
-14 

3 

38 
29 
15 

16 
16 
10 

8 
11 

T 

34 
27 
15 

36 
26 
13 

-20 
-19 
-1 1 

17 
17 
10 

-20 
-I 1 
-4 

12 
13 
8 

14 
14 
9 

2 
-2 
-2 

-37 -45 33 21 
-2? -34 22 IS 
-18 -23 11 8 

-13 
-8 
0 

21   12 
13    8 
0    3 

26 
20 
II 

II 
10 
6 

26 
20 
11 

24 
18 
9 

-19 
-15 

16 
13 

■10 
-s 
-2 

13 
II 
7 

13 
12 
7 

-9  -14 
-U   -9 
0    I 

9   15 
5    9 
4    0 

21 
16 
10 

20 
16 
10 

18 
13 
9 

13 
1 1 
-7 

13 
1 I 
7 

-8 
-4 
-4 

10 
9 
5 

12 
10 
6 

-2 
-2 
-1 

15 
1 I 

7 

24 
19 
10 

15   13   11 
13   11   10 
8    7    6 

22 
17 
10 

23 
17 
9 

-13 
-10 
-7 

I 1 
10 
6 

-13 
-8 
-4 

10 
9 
S 

2 
0 

-1 

21 
IS 
B 

■14  -25  -32 
-8  -17  -21 

I   -4  -7 

14 
8 
2 

26 
20 
12 

2 
0 

-4 

14 
10 
3 

14    1 
12    2 
7   -2 

25 
20 
11 

24 
18 
10 

-16 
-13 
-8 

14 
13 
8 

-12 
-7 
-3 

11 
10 
6 

12 
1 1 
7 

0 
-2 
-2 

21 
15 
8 

-5 
-2 
-4 

1 1 
9 
2 

II 
7 
I 

-29 
-25 
-18 

-26 
-17 
-13 

-3 
-I 
-3 

rl 
1 

-2 

13 
•13 
-1 1 

-12 
-a 
-9 

4 
3 

-3 

4 
2 

-4 

-37 
-31 
-23 

-6 
-4 
-r 

-34 
-23 
-18 

■10 
-6 
-H 

-8 
-S 
-7 

-20 
-19 
■16 

2 
0 

-s 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

19 
13 
9 

19 
14 
II 

21 
16 
14 

22 
18 
15 

23 
18 
16 

23 
18 
16 

22 
18 
15 

23 
18 
16 

23 
18 
16 

23 
18 
16 

23 
18 
16 

22 
17 
IS 

23 
18 
16 

22 
17 
IS 

•HEAOWINOS—COMPUTED F0* A  4S0-KT AIRSPEED. 
•A--0tN0TfcS ANNUAL EQUIVALENT HtAOWINOS FOR INDICATED PER CENT RELIABILITIES. 
Mi»*US SIGNS DENOU Mf*D«!NOS. 

THE BOEING COMPANY 
TRANSPORT DIVISION 

17 
12 
8 

252 N.MI. 
12   17 
9   12 
6   8 

346 N.NI. 
19   13   18 
13   10   13 
9    7   10 

343 N. 
20   13 
17   II 
14   10 

22 
18 
15 

MI. 
19 
15 
12 

157 N.MI. 
22 14 21 
18 12 16 
15   11   13 

55 N.MI. 
22 14 21 
18 12 16 
15   II   13 

35 fl.MI. 
22 14 21 
18 12 16 
15   II   13 

83 N.MI. 
22 14 21 
18 12 16 
15   II   13 

53 N. 
22   14 
18   12 
15   II 

MI. 
2» 
16 
13 

95 N.MI. 
14 21 
12 16 
II   13 

111 N. 
22   14 
18   12 
15   II 

Ml. 
21 
16 
13 

39 N.MI- 
22 14 21 
18 12 16 
IS   12   13 

221 N.MI. 
21 14   20 
17 12   15 
IS   II   13 

42 N.MI, 
22 14   2! 
18 12   16 
IS   11    13 

163 N.MI, 
21 13 20 
18 12 15 
15   11   13 

NO.  06-9 W6 
PAGE       35 



HEIGHT 
IN 

FEET 

EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

JAN  APR 
0 I 

JUL 

EQUIVALENT   HEADWIN 0 S« 
R E C T 
OCT ••A50 A7S  ASS 

BOSTON TO PHILADELPHIA 
15,000 -36  -23  -16 -22 
10,000 -2S  -»7  -12 -16 
5,000 -13   -9   -8 -9 

BOSTON TO PORTLAND, ME. 
15,000 18    8    7 12 
10,000 9    l«    U 7 
5,000 >*          2           k k 

BOSTON TO PROVIDENCE 
15,000 -25  -U  -10 -16 
10,000 -15   -9   -J -11 
5,000 -7   -l«   -5 -5 

BOSTON TO SYRACUSE 
15,000 -38  -27  -21 -2i| 
10,000 -29  -20  -16 -19 
5,000 -16  -12  -10 -II 

BOSTON TO WASHINGTON, D.C- 
15,000 -36  -23  -16 -22 
10,000 -25  -17  -12 -16 
5,000 -13   -9   -7 -8 

-23  -37  -J»5 
-17  -28  -3U 
-9  -18  -23 

11   -2  -10 
6   -l»  -10 
3   -6  -11 

-15  -29  -37 
-10  -21  -27 
-5  -II»  -20 

-27 -Ul -U8 
-21 -32 -38 
-12  -21  -26 

-23  -37  -l»5 
-17  -27  -33 
-9  -18  -22 

BOSTON TO WORCESTER 
15,000  -U0  -28  -21 -26 -28 -i»2 -50 
10,000  -30  -21  -16 -19 -21 -32 -39 
5,000  -16  -12  -11 -11 -12 -22 -27 

BOWLING GREEN TO LOUISVILLE 
15,000   17 9    5    8 9-3 
10,000   12 7    U    6 7-3 
5,000    6 i»    3    3 i»   -5 

BOZEMAN TO BUTTE 
15,000 -27  -16 -16 -21 -20 -32 
10,000 -20  -12 -9 -15 -13 -22 
5,000 -11   -6 -5 -5 -6 -11» 

BRISTOL TO   CHARLESTON,   W.    VA. 
15,000         lU           6           l»           8 7 
10,000           V           5           3           6 5 
5.000          5          3           12 3 

BRISTOL TO KNOXVILLE 
15,000 -37  -26  -10 -18 
10,000 -26  -18   -9 -13 
5,000 -U  -10   -6 -6 

BUFFALO TO CHICAGO 
15,000 -39  -25  -19 -21» 
10,000 -28  -18  -!5 -18 
5.000 -15  -10   -8 -11 

BROWNSVILLfc TO CORPUS CHRISTI 
15,000    T    U    5    u 5 
10,000    6    5    6    5 5 
5,000    9   10    9    I* 8 

-3 
-2 

1 

BRUNSWICK 10 JACKSONVILLE 
15,000  -11   -8   -3   -6 
10,000   -9   -6   -i,   -u 
5,000   -?   -5   -3   -3 

BOWLING GREEN TO NASHVILLE 
15,000  -16   -8   -3   -6 -7 -20 -27 
10,000  -10   -5   -3   -It -6 -15 -21 
5,000   -5   -U   -2   -2 -3 -12 -16 

-38 
-27 
-18 

-H -10 
-1» -10 
-6  -10 

-21  -36  -l»5 
-16  -27  -33 
-8  -17  -22 

-26 -39 -i»6 
-19 -30 -35 
-11  -20  -21» 

-e 
-5 
-3 

-6 -17 -23 
-6 -1U -19 
-U  -12  -16 

JAN  APR 

36 
28 
15 

31« 
23 
12 

12 
8 
I» 

36 
25 
13 

37 
27 
15 

RETURN 
JUL     OCT        A50 

31» 
23 
12 

21 
16 
8 

15 
11 
7 

21 
16 
8 

-21  -II   -8  -II» 
-12   -6   -5   -9 
-5   -3   -l»   -l» 

21   11 
12    7 
6    3 

•Hfc4DWlNDS--C0HPUTED FOR A  i»50-K T AIRSPEED. 
••4--0tN0TtS ANNUAL EguiVALENT HEADWINDS FOR 

«INUS SIGNS DENOTE MEAOWlNOS. 

26 
20 
11 

38 27 
29 20 
15 11 

26   16 
19   11 
10    5 

-18   -9 
-11   -6 
-6   -3 

23 
18 
9 

-9   -5 
-7   -6 
•10  -10 

21 
16 
10 

21 
16 
10 

-21  -11   -6 
-11»   -8   -5 
-7   -5   -3 

16 
9 
1» 

19 
11» 
8 

-5 
-6 
-9 

II» 
9 
5 

23 
18 
10 

21   15   21 
16   11   15 
8    7    8 

25 
19 
11 

-9 
-7 
-3 

3    l» 
3    l» 

• 2    1 

20 
15 
5 

-5 -10 
-3 -7 
-2   -3 

21» 10 17 
18 9 13 
10    5    5 

23 
18 
10 

-i» 

-5 
-i» 

A7S  A85 

22 
16 
9 

26 
20 
12 

22 
16 
8 

27 
20 
It 

6 
i» 

2 

20 
15 
8 

25 
19 
10 

-13 -27 -35 
-B -18 -25 
-I»  -13  -18 

13 0 -7 
8 -2 -8 
I»   -5 -10 

13 
10 
3 

10 
6 
0 

19    8 
13    5 
6   -1 

13 
9 
2 

6 
U 

-2 

3 
1 

-I» 

13 6 
9 l» 
2   -3 

-II -2i» -31 
-8 -18 -2U 
-U  -13  -18 

-6 -12 
-5 -10 
-6  -11 

-10 -22 -29 
-6 -16 -22 
-3  -II  -16 

-6 -Ii» -19 
-6 -13 -17 
-8  -15  -19 

5 -H -9 
5 -I» -8 
U   -3   -I 

INDICATED PER CENT RELIABILITIES. 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

21 
17 
15 

23 
18 
16 

23 
18 
16 

22 
17 
15 

21 
16 
II» 

23 
18 
16 

20 
15 
15 

20 
15 
15 

19 
13 
12 

20 
16 
11» 

20 
IS 
|i» 

20 
15 
II» 

15 
12 
13 

17 u 
I? 

P*Ü£ M THE BOEIN& CüMPANV 
TRANSPORT DIVISION 

2l»2 N.MI. 
21 13   20 
17 12   15 
15   10   13 

83 N.MI. 
22 II»   21 
18 12   16 
15   11   13 

43 N.MI. 
22   lit   21 
13 12   16 
15   11   13 

230 N.MI. 
21 14 20 
17 12 15 
15   11   13 

346 N.MI. 
20 12 19 
17   11   14 
14 10   12 

22 
18 
15 

20 
16 
14 

20 
16 
14 

39 N.MI. 
14 21 
12   16 
11 13 

80 N.MI. 
12 20 
It   15 
10 13 

52 N.MI. 
12   19 
11 15 
10   13 

57 N.MI. 
18 13 17 
12 10 12 
11    9   II 

119 N.MI. 
20 12 19 
16 II 15 
14    9   12 

20 
16 
14 

87 N.MI. 
II    19 
11    15 
9   13 

410 N.MI. 
20 13 19 
16 11 14 
14   10   12 

93 N.MI. 
14 9 13 
II 9 11 
II    8   11 

17 
14 
1? 

46 N.HI. 
10   16 
9   13 
9   12 

NO.  06-91?6 



I 
i 
i 
I 

I 

EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEET 

EQUIVALENT HEADWINDS» 

JAN     APR 
DIRECT 

JUL      OCT   "ASO A/5  A85 

5 -5 
5 -1» 
U   -I» 

-10 
-9 
-8 

-11 -7 
-9 -5 
-7   -5 

-22  -36  -i»U 
-17  -28  -31» 
-9  -18  -23 

-26 -i»0 -1*8 
-20 -30 -36 
-II  -20  -25 

33 
21» 
13 

38 
28 
15 

18 
IU 
8 

23 
17 
10 

2 3 
18 
10 

22 
18 
10 

10 
7 
1 

10 
8 
1 

16    U 
IU    i» 
8   -1 

-2 
-1 
-5 

-35  -25 
-26  -19 
-IU  -11 

-31» -26 
-26 -19 
-IU  -11 

-27  -22 
-20  -16 
-11  -10 

-12  -25  -32 
-8  -18  -2U 
-U  -13  -18 

25 
19 
1 1 

22 
i r 
10 

26 
20 
1 I 

12 
8 

1 5 
9 
2 

15 
1 1 
6 

-59 
-28 
-16 

-25 
-18 
-10 

■19 -33 -U0 
15 -26 -32 
-8  -17  -23 

1 -5 -12 
7 -3 -9 
U   -5   -9 

-U0 
-29 
-16 

2U 
16 
10 

-13  -13 
-10  -10 
-5   -6 

-13  -18 
-9  -tl 
-U   -J 

-u 
-n 
-5 

-1 
-u 
■-U 

-3 
-U 
-3 

15 
1 I 
6 

19 
IU 
8 

BRUNSWICK TO SAVANNAH 
15,000    8    5    3 5 
10,000    7    U    U U 
5.000    7    U    3 2 

BUFFALO TO CLEVELAND 
15,000  -35  -20  -16 -22 
10,000  -25  -15  -12 -17 
5,000  -IU   -8   -7 -9 

BUFFALO TO DETROIT 
15,000  -39  -2U  -19 -2U 
10,000  -28  -18  -15 -19 
5,000  -16  -10   -8 -It 

BUFFALO TO ELMIRA 
15,000   33   2U   18 19 
10,000   25   18   IU 16 
5,000   IU   10    9 9 

BUFFALO TO NEW YORK 
15,000   32   2U   17 18 
10,000   25   19   IU 15 
5,000   13   11    8 8 

BUFFALO TO PHILADELPHIA 
15,000   23   20   13 12 
10,000   19   15   11 II 
5,000   10    9    7 6 

BUFFALO TO PITTSBUKGH 
15,000  -20   -8   -8 -IU 
10,000  -13   -6   -U -9 
5,000   -7   -3   -2 -5 

BUFFALO TO ROCHESTER, N.Y. 
15,000   38   23   19 2U 
10,000   28   17   IU 19 
5,000   15   10    9 10 

BUFFALO TO SCRANTON 
15,000   il   23   17 18 
10,000   2U   18   IU 15 
5,000   13   10    8 8 

BUFFALO TO SYRACUSE 
15,000   59   25   20 2U 
10,000   28   18   15 19 
5,000   15   10    9 II 

BUFFALO TO tOKONTO 
15,000  -27  -20  -16 -16 
10,000  -20  -15  -12 -13 
5,000  -II   -9   -7 -6 

BUFFALO TO WASHINGTON, D.C. 
15,000           9         116 3 
10,000           8           8           6 5 
5,000          U           5          U 2 

BURBANK   TO   LOS   ANGELES 
15,000 2 0-5-2 
10,000           3            3        -u -1 
5,000          3           u        -1 u 

HURÖAMK   TO   SAN   FRANCISCO 
15,000     -19      -IS        -5 -7 
10.000      -12      -11         -le     -5 
5,000        -5         -5        -U -i 

•Mt»OWlN0S--CO*PutfO   FO»    »      U50-*T    AIHSPFED. 
••A--OEN0ItS   AVSUAL   EtiUlVALENI   MtAOWlNDS   FOR    INDICATED   PER 

HtNUS   SIGNS   OENOU   MtADnINDS. 

JAN      APR 
RETURN 

JUL      OCT        A50 A75  A85 

-IU 
-12 
-7 

-20 
-15 
-9 

-3U -25 -18 
-25 -19 -IU 
-IU  -II   -9 

-26 -21 
-19 -16 
-II  -10 

19   15 
IU   12 
8     7 

-7 
-7 
-U 

-6 
-U 
-2 

21 
16 
9 

23 
18 
10 

-19  -21 
-15  -17 
-9   -9 

-18  -20 
-15  -16 
-9   -9 

■IU 
13 
-7 

12 

-25 
-19 
-1 I 

-20 
-16 
-9 

-25 
-20 
-I 1 

IU 
12 
6 

-5 
-6 
-3 

-6 
-5 
-U 

21 
16 
9 

25 
19 
11 

-2U 
-19 
-1 I 

-23 
-19 
-10 

■13 
■IS 
-8 

1 1 
IU 
8 

■17 
•IU 
12 

12 
9 
2 

-38 
-30 
-20 

-37 
-29 
-19 

-32 
-26 
-17 

-26 -Ul 
-20 -31 
-II  -2 1 

-23  -37 
-18  -29 
-10  -19 

-27 -Ul 
-20 -31 
-12  -2 1 

-10 
-9 
-V 

-23 
-19 
-16 

2 
0 

-5 

-U6 
-36 
-25 

-UU 
-35 
-2U 

-39 
-31 
-22 

-10 
-9 
-10 

-U8 
-37 
-26 

-U5 
-35 
-2U 

-U9 
-38 
-26 

-22 -29 
-18 -2U 
-13  -18 

I 1 
■ lu 
1? 

STANDARD DEVIATION 

SXH     APR  JUL  OCT 

18 
IU 
13 

21 
17 
15 

21 
16 
15 

22 
17 
15 

21 
I 7 
IU 

21 
17 
IU 

21 
17 
15 

22 
17 
15 

22 
I 7 
15 

22 
17 
15 

22 
17 
15 

21 
16 
IU 

21 
15 
10 

5U N.MI. 
18 10 16 
15 10 13 
12    9   12 

166 N.MI. 
21 13 20 
17 12 15 
15   10   13 

21 
17 
15 

208 N.MI. 
13 20 
12 IS 
10   13 

22 
18 
15 

9U N. 
IU 
12 
1 I 

MI- 
21 
16 
13 

21 
17 
15 

21 
17 
15 

21 
17 
15 

2? 
18 
16 

21 
1 I 
15 

22 
18 
15 

261 N-MI- 
13   20 
12 15 
10   12 

2UI N.MI. 
13 20 
12 15 
10   12 

161 N. 
13 
12 
10 

MI. 
20 
15 
13 

U8 N.MI. 
IU   21 
12 16 
11 13 

15fl N.MI. 
13 20 
12 15 
10   13 

1 15 N. 
IU 
12 
I 1 

MI. 
21 
16 
13 

22 
18 
16 

21 
1 7 
IU 

18 
IU 
9 

60 N.MI. 
IU 21 
12 16 
II   13 

257 N.MI. 
15 19 
II   15 
10 12 

16 N.MI. 
11 16 
9 12 
7    9 

28U   N.MI. 
10 -22 -29 18 lu u 6 9 -1 -7 2! 18         11         16 
-6 -16 -21 12 10 1 u 6 -2 -7 15 IU            9          12 
-U -10 - Ill 5 5 ] 5 U -2 -5 ,     11 9            7            9 

;ENT RELIABILITIES. 

Tr;E BOEING COMPASv 
fRANSPORT DIVISION 

NO. 
PAGE 

06-9 176 
57 



EOUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E Q U I V ALE N T H E A D W I N D S« STAND 

JAN 

ARD DEVIATION 

IN 
FEET 

0 I 
JAN  APR  JUL 

* E C 
OCT •• 

T 
A50 A75 A85 JAN APR 

R E 
JUL 

T U R 
OCT 

N 
ASO A75 A85 APR  JUL  OCT 

 1  

BURLINGTON TO MONTPELIER 
15,000   27   21   19   19 
10,000   23   16   15   16 
5,000   13    9   10    9 

21 
17 
10 

8 
6 
1 

0 
1 

-t 

-30 
-2U 
-It 

-22 
-17 
-10 

-20 
-15 
-10 

-21 
-17 
-10 

-23 
-18 
-11 

-37 
-29 
-20 

-Ut 
-35 
-26 

23 
18 
16 

30 N.MI. 
22   15   21 
18   13   16 
16   12   13 

BUTTE TO GREAT FALLS 
15,000    3    5    9 
10,000    3    3    5 
5,000   II    3    2 

5 
t 
5 

6 
t 
5 

-6 
-t 
-2 

-12 
-9 
-6 

-5 
-t 

-11 

-6 
-t 
-t 

-10 
-5 
-2 

-6 
-5 
-5 

-7 
-t 
-5 

-18 
-12 
-13 

-2t 
-17 
-17 

18 
13 
12 

103 N.MI. 
17   13   17 
12   10   12 
II    9   11 

BUTTE TO HELENA 
15,000    U    5   10 
10,000    U    U    5 
5,000   11    3    2 

6 
t 
5 

6 
t 
5 

-5 
-t 
-2 

-11 
-8 
-6 

-6 
-5 

-12 

-6 
-t 
-t 

-10 
-5 
-2 

-7 
-5 
-5 

-8 
-5 
-5 

-19 
-13 
-13 

-25 
-17 
-17 

19 
13 
12 

t5 N.MI. 
18   It   17 
12   10   12 
11    9   11 

BUTTE TO IDAHO FALLS 
15,000   10    3   -1 
10,000    7    2   -1 
5,000   -7    0    0 

t 
3 

-2 

t 
3 

-2 

-8 
-5 
-9 

-13 
-9 

-13 

-12 
-8 
6 

-5 
-3 
0 

0 
0 

-1 

-6 
-t 
2 

-5 
-3 
2 

-17 
-1 1 
-5 

-23 
-16 
-8 

19 
13 
11 

1t7 N.MI. 
18   13   17 
12   10   12 
10    8   10 

CALGARY TO CRANBROOK 
15,000  -10   -9  -10 
10,000   -V   -6   -5 
5,000  -II   -6   -3 

-9 
-7 
-7 

-9 
-7 
-7 

-21 
-15 
-15 

-27 
-20 
-19 

8 
7 

1 ! 

7 
6 
5 

9 
5 
3 

8 
6 
7 

8 
6 
6 

-3 
-2 
-2 

-9 
-7 
-6 

19 
It 
13 

115 N.MI, 
17   It   17 
12   11   12 
11   10   12 

CALGARY TO EDMONTON 
15,000   -6    0    1 
10,000 -t      -i       -i 
5,000    U    3    1 

-3 
-2 
2 

-2 
-2 

3 

-13 
-10 
-6 

-19 
-15 
-10 

t 
3 

-5 

-1 
0 

-3 

-2 
0 

-1 

1 
1 

-3 

1 
1 

-3 

-10 
-7 

-11 

-16 
-11 
-16 

18 
It 
It 

lit N.MI. 
16   It   16 
12   11   12 
12   11   13 

CALGARY TO GREAT FALLS 
15,000   17    8    6 
10,000   12    7    5 
5,000    1    0    1 

12 
10 
2 

10 
8 
1 

0 
0 

-7 

-6 
-t 

-1 1 

-19 
-13 
-2 

-9 
-7 
0 

-7 
-5 
-1 

-It 
-10 
-2 

-12 
-9 
-1 

-23 
-17 
-9 

-29 
-22 
-13 

18 
13 
13 

2tO N.MI. 
16   13   16 
12   10   12 
11   10   12 

CALGARY TO LETHÖR1DGE 
15,000   17    8    6 
10,000   13    7    6 
5,000    2    0    1 

1 3 
10 
2 

1 1 
9 
1 

0 
0 

-7 

-6 
-t 

-1 1 

-19 
-It 
-3 

-9 
-8 
0 

-7 
-6 
-1 

-It 
-11 
-3 

-12 
-9 
-2 

-2t 
-18 
-10 

-30 
-23 
-It 

18 
It 
13 

100 N.MI. 
17   It   17 
12   11    12 
12   10   12 

CALGARY TO REGINA 
15,000   25   16   17 
10,000   iv   11   11 
5,000   13    •»    t 

20 
16 

19 
It 
7 

9 
6 

-1 

3 
2 

-5 

-26 
-20 
-13 

-16 
-11 
-t 

-17 
- 1 1 
-t 

-21 
-16 
-10 

-20 
-15 
-8 

-30 
-23 
-16 

-36 
-27 
-21 

16 
13 
13 

357 N.MI. 
15   13   15 
11   10   11 
11   11   12 

CALGARY TO SASKATOON 
15,000   21   It   15 
10,000   16   10    9 
5,000   13    t    t 

1 7 
It 
9 

17 
12 

r 

6 
t 

-1 

1 
0 

-5 

-22 
-17 
-13 

-15 
-10 
-5 

-16 
-10 
-t 

-18 
-It 
-10 

-17 
-12 
-8 

-28 
-21 
-16 

-33 
-25 
-21 

17 
13 
13 

280 N.MI, 
15   13   15 
11 10   12 
12 11   12 

CALGARY TO VANCOUVER 
15.000 -77      -16  -It 
10,000  -17  -13   -8 
5,000  -12   -6   -t 

-19 
-It 
-Ö 

-17 
-13 
-7 

-29 
-21 
-15 

-35 
-26 
-19 

21 
17 
12 

15 
12 
6 

13 
8 
t 

19 
It 
8 

17 
12 
7 

6 
t 
0 

0 
0 

-t 

18 
|  It 

12 

370 N.MI. 
17   It   17 
12   10   12 
11    9   11 

CARLSBAD TO EL PASO 
15,000  -26  -22   -6 
10,000  -1?  -13   -5 
5,000   -5   -t   -J 

-10 
-7 
0 

-15 
-10 
-3 

-2 7 
-18 
-9 

-3t 
-23 
-13 

25 
16 
5 

21 
15 
t 

5 
t 
5 

10 
I 
0 

It 
9 
i 

3 
1 

-t 

-2 
-3 
-< 

18 
It 
11 

115 N.MI. 
16   10   15 
12    9   11 
11    7   10 

CAKLSHAD TO HOBBS 
15,000   27   22    6 
10,000   Ifl   It    5 
5,000    6    5    i 

1 1 
1 
1 

15 
10 
u 

t 
2 

-5 

-2 
-3 
-7 

-28 
-16 
-6 

-23 
-It 
-5 

-6 
-5 

-1 1 
-7 
-2 

-15 
-10 
-t 

-28 
-20 
-1 1 

-36 
-2t 
-15 

19 
It 
12 

55 N.MI. 
17   11   16 
12   10   12 
12    8   11 

CASPEK TO CHEYENNE 
15,000    If*    11     1 
IO.OOO  is   a   t 
5.000   -2    0   -2 

1 3 

- 1 

11 
B 

-1 

1 
0 

-8 

-5 
-5 

-12 

-20 
-13 

2 

-12 
-8 
0 

-7 

? 

-It 
-10 

0 

-13 
-9 

1 

-25 
-I 7 
-6 

-31 
-22 
-9 

19 
13 
10 

129 N.H!. 
1«   12   17 
12   10   12 
11    9   10 

• HI . IUWINOS--COMMUTEO FOR A KSO -KF A IHSPtE 0. 
..»--OtNOTCS ASNUAL EiUlVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

«IINUS SIUMS DENOTE MtAOWlNOS 

PAÜt 3« 

THE BOEING COMPANY 
TRASSPORt OIVISIO"« 

NO.  06-9 1^6 



EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

I 

HEIGHT 
IN 

FEET 

EQUIVALENT HEADWINDS» 

JAN     APR 
DIRECT 

JUL      OCT   ••A50 ATS     A85 

CASPER TO DENVER 
Ib.OOO 13 7    3 V 
10,000 9 5    16 
5.000 -5 -3   -U -U 

CASPER TO RAPID CITY 
15,000 20 14   16 17 
10,000 11» 9   10 11 
5,000 II 6    5 T 

CASPER TO SALT LAKE CITY 
15,000 -19 -U  -15 -IU 
10,000 -12 -9   -9 -10 
5,000 -"♦ -U   -U -U 

CASPER TO SHERIDAN 
15,000 -13 -7   -1 -8 
10,000 -10 -5   -1 -6 
5,000 4 0    2 1 

CASTLEGAR 10 CRANBROOK. 
15,000 22 15   15 19 
10,000 10 12    9 IU 
5,000 12 5    U 7 

CASTLEGAR TO PENTICTON 
15,000 -25 -16  -II» -21 
10,000 -19 -13   -8 -IU 
5,000 -10 -i*   -i* -6 

CEÜAR HAP10S 10 CHICAGO 
15,000 35 2 3   18 2 1 
10,000 26 18   IU 16 
5,000 IU 8    7 10 

CEDAR RAPIDS TO DES MOINES 
15,000 -33 -22  -18 -2 1 
10,000 -21* -16  -13 -15 
5,000 -12 -8   -7 -10 

7   -4   -9 
5   -3   -7 

-i*  -10  -)U 

17 
1 I 
7 

18    6 
13    U 
7   -1 

CEDAR KAPIOS 
15,000  -If 
10,000  -13 
5,000   -? 

CEDAR RAPIDS 
15,000   32 
10,000   2it 
5,000   13 

TO MINNEAPOLIS 
-n      -9    -12 
-9   -7   -s» 
-5   -2   -5 

TO MOLINE 
2 1    16 
16    12 
8    6 

2) 
15 
9 

24 
18 
10 

-23 
-17 
-9 

-12 
-9 
-5 

22 
1 T 

9 

I I 
8 
) 

-2U 
-19 
-11* 

CHARLESTON, S-C. 
15,000  -21 -19 
10,000  -16 -15 
5,000   -6 -6 

TO COLUMBIA 
-I*   -9 
-U   -6 
-3   -3 

-12 
-9 
-1* 

CMARLtSrON.S.C. TO fLORENCt 
15,000   !0    i*    5    5 5 
10,000    5    3    3    1* a 
5,000    5    3    11 2 

CHARLtSrON, S.C. 
15,000  -Id -13 
10,000  -U -9 
5,000   -9 -6 

ro JACKSONVILLE 
•5   -9   -10 
• 5  -6   -e 
•U   -4    -5 

15 -26 -32 
■10 -17 -21 
-U   -9  -12 

-7  -18  -25 
-5  -13  -18 
2   -5   -9 

0 
-1 
-5 

■18 -31 -38 
13 -22 -28 
-6  -13  -18 

-36 -1*3 
-27 -33 
-18  -23 

-3 1 
-2i* 
-19 

3 
I 

-5 

CHARLESTON, S.C. TO CHARLOTTE 
15,000   -8 -10 -2   -3    -5 -16 -23 
10,000   -H -7 -2   -2    -U -11» -19 
5,000   -5 -3 -2   -1    -2 -10 -1U 

-25 -32 
-19 -2i* 
-12  -17 

-5  -II 
-5  -10 
-5   -9 

-21  -28 
-17  -22 
-13  -1 r 

JAN  APR 

17 
< 1 

1» 

1 1 
9 

-i* 

21* 
18 
9 

-36 
-27 
-IU 

32 
23 
12 

!U 
1 1 
7 

-33 
-25 
-13 

18 
15 
6 

-13 
-7 
-5 

16 
12 
H 

R £ 
JUL 

TURN 
OCT   A50 A75  A85 

•IU   -8 
■10   -6 

5    3 

-3  -10 
-2   -7 
U    3 

-22 -15 -17 -18 
-15 -9 -10 -12 
-12   -6   -6   -8 

IU 
8 
U 

15 
9 
3 

15 
12 
U 

-2U 
-18 
-9 

21 
16 
8 

-22 
-17 
-9 

17 
12 
5 

13 
8 
U 

-19 
-IU 
-8 

1? 
13 
7 

17 
13 
-6 

-3 
-i 
-2 

12 5 
8 5 
6     U 

13 
9 
U 

-23 -16 -15 -20 
-18-13 -9 -IU 
-12   -6   -U   -8 

20 
IU 
5 

-22 
-17 
-1 I 

20 
15 
9 

-22 
-15 
-10 

-8 
-6 
U 

18 
13 
5 

-2U 
-19 
-10 

22 
16 
9 

11 

-20 
-IU 
-3 

•18 -29 
•II -20 
-8  -15 

15    U 
9    2 
U   -2 

5   -6 
U   -U 

-2   -9 

■18 -30 
13 -22 
-7  -15 

6 
U 

-2 

-38 
-29 
-19 

10 -2 
8 -2 
U   -5 

■7 -18 
-5 -IU 
-3  -1 I 

0 
- I 
-2 

-26 
-18 
-6 

-35 
-2U 
-20 

-1 
-2 
-U 

12 
-8 

■13 

-37 
-27 
-20 

- 1 
-1 
-6 

■U5 
-35 
-25 

9 3 
6 1 
0   -5 

-8 
-T 

-10 

-23  -36  -UU 
-17  -28  -33 
-9  -19  -2U 

13 
1 1 
10 

-6 
-6 
-B 

•25 
-19 
-15 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

19 
13 
10 

19 
13 
I I 

18 
12 
9 

19 
13 
I 1 

19 
15 
13 

20 
16 
13 

20 
15 
15 

20 
15 
iU 

20 
15 
IU 

21 
15 
15 

19 
15 
1 3 

19 
15 
1 5 

19 
15 
1 5 

17 
IU 
12 

•He*OMtNDS—COMPUTED FOR A  U50-KI AIRSPEED. 
#.Ä..ritNOItS ANNUAL twUlvAlENT HEADrtPiDS FOR IN01CATEÜ PER CENT RELIABILITIES. 

MINUS SIGNS OENOIt HtAOwlNDS. 
THE BOEING COMPANY 
TRANSPORT DIVISION 

202 N.MI. 
17 12 17 
12 10 12 
10    8   10 

18 
13 
12 

16 
I 1 
8 

18 
12 
1 1 

18 
13 
1 I 

19 
13 
i i 

20 
16 
15 

16U N. 
13 
I I 
'0 

MI. 
17 
13 
II 

277 N.MI. 
12 16 
9   II 
7    8 

IIU N.MI. 
13 17 
10   12 
9   11 

7U N, 
IU 
1 I 
10 

Ml. 
18 
13 
12 

77 N.MI. 
IU   18 
11   15 
9   12 

170 N.MI. 
13 20 
13 15 
II   13 

90 N.MI. 
20 13 20 
16   12   15 
15 II    13 

192 N.MI. 
20 13   19 
16 12   15 
15   11    13 

59 N.MI. 
21 13   20 
17 13   15 
15   11    IU 

IU6 N.MI. 
19 II 18 
15 10 IU 
12    9   12 

83 N.MI. 
19 11 17 
15 10 IU 
12    9   12 

79 N.MI. 
19 11 18 
15 10 IU 
12    9   12 

170 N.MI. 
H 10 16 
1U 9 13 
12    8   II 

NO.  06-VI76 
PAGE       39 



EOUIVALENT   HEADWINDS   AND   STANDARD   DEVIATION   IN   KNOTS   FOK   GREAT   CIRCLE   AIR   ROUTES 

HEIGHT E a u i v A L E N T H e A D W I N D S» STANDARD DEVIA1 'ION 

IN DIRECT R E T U R N 

FEET JAN APR JUL  OCT "ASO A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 
I 

CHARLESTON, S.C. TO NORFOLK 305 N. MI. 

15,000   25 17 1        13    U 3 -2 -27 -19 -7 -IU -16 -28 -36 18 18 10 17 

10,000   16 13 6       9       n 2 -3 -18 -)U -7 -10 -11 -21 -26 15 15 10 IU 

5,000    V 1 l»    l*     6 -2 -6 -10 -8 -U -u -6 -1U -19 13 12 9 12 

CHARLESTON, S.C. TO SAVANNAH 77 N. MI. 

15,000  -27 -20 -6  -13   -15 -28 -36 25 19 6 12 1U 3 -2 18 18 10 ir 
10,000  -19 -|l* -6   -9   -11 -21 -26 18 13 6 8 11 2 -3 15 15 10 IU 

5,000  -11 -8 -5   -U    -7 -15 -19 10 8 U U 6 -1 -5 13 12 9 12 

CHAKLfcSTON, S.C. TO WILMINGTON, N C. 135 N. MI. 

15,000   29 22 8   1U    16 5 0 -31 -25 -8 -15 -18 -31 -39 18 18 10 17 

10,000   20 16 7   10    12 3 -2 -21 -16 -7 -10 -13 -23 -29 15 15 10 IU 

5,000   11 9 5    1*     7 -1 -5 -12 -9 -5 -u -7 -15 -20 13 12 9 12 

CHARLESTON, W.VA. TO CHARLOTTE 192 N. MI. 

15,000    0 5 2    0     2 -10 -16 -l» -8 -2 -1 -U -15 -22 20 20 11 19 

10,000    3 U 2    1     2 -7 -12 -6 -5 -3 -2 -u -13 -18 15 16 11 IU 

5,000    2 2 2    1     2 -6 -1 1 -3 -3 -2 -1 -2 -10 -15 1U 13 9 12 

CHARLESTON, W.VA. TO CINCINNATI 1U9 N. MI. 

15,000  -1*0 -28 -15  -22   -21* -39 -1*8 38 27 15 20 2U 1 1 5 20 21 12 20 

10,000  -29 -2 1 -13  -U   -19 -30 -36 28 20 12 16 19 8 3 16 17 11 15 

5,000  -15 -1 1 -7   -9   -10 -19 -21* 15 11 7 8 10 1 -3 1U IU 10 12 

CHARLESTON, W.VA. TO CLEVELAND 183 N. MI. 

15,000   -5 -7 -2    0    -3 -15 -22 0 U 1 -2 1 -1 1 -18 21 21 12 20 

10,000   -i -5 -3   -2    -3 -13 -19 1 u 3 0 2 -8 -1U 16 17 12 15 

5,000   -2 -3 -2-1    -2 -10 -15 0 2 1 0 1 -7 -12 1U IU 10 12 

CHARLESTON,W .VA. TO COLUMBUS,OHIO 115 N. MI. 

15,000  -23 -18 -9  -11   -1U -28 -35 19 16 8 9 12 0 -6 21 21 12 20 

10,000  -16 -11* -9  -10   -12 -22 -28 tu 12 8 9 1 1 1 -5 16 1 7 12 15 

5,000   -8 -/ -5   -5    -6 -15 -20 8 7 U 5 6 -3 -7 15 IU 10 13 

CHARLESTON, W.VA. TO GREENSBORO 157 N. MI. 

15,000   15 15 6    7    10 -1 -8 -19 -18 -7 -8 -12 -25 -32 20 20 12 19 

10,000   13 11 6    6     9 -1 -6 -15 -13 -7 -7 -10 -20 -26 16 16 11 15 

5,000    r 6 U    3     5 -3 -7 -B -7 -U -U -6 -IU -18 IU 13 9 12 

CHARLESTON, W.VA. TO HUNTINGTON U5 N. MI- 

15,000  -1*2 -29 -15  -23   -25 -1*0 -1*9 Ul 28 15 22 25 12 5 21 2 1 12 20 

10,000  -30 -2 1 -13 -\J        -20 -31 -37 ?9 21 12 17 19 9 3 16 1 7 12 15 
5,000  -16 -12 -7   -9   -10 -19 -21* 15 11 7 a 10 1 -3 15 IU 10 13 

CHARLtSrON,W.VA. TO HUNTSVILLE 326 N. MI. 

15,000  -33 -21 -9  -16   -18 -32 -i»0 31 19 8 15 17 5 0 19 19 11 18 

10,000  -22 -15 -8  -12   -1U -2U -29 2 1 1U 7 1 1 13 3 -1 IU 15 10 !U 

5,000  -12 -9 -5   -5    -7 -15 -20 It 8 5 5 7 - 1 -5 IU 1 3 9 12 

CHARLESTON, W.VA. TO KNOXVILLE 191 N, Ml. 
15,000  -28 -17 -8  -15   -16 -2 9 -37 25 15 J 13 1U 2 -U 20 20 11 19 
10,000  -19 -12 -7  -10   -11 -22 -27 17 11 6 10 10 1 -U 15 16 11 15 

5,000  -10 -I -1*   -U    -6 -IU -19 9 6 3 U 5 -3 -7 IU 1 3 9 12 

CH&RLESrON, ̂ .VA. TO LEXINGTON lUi N .MI. 

15,000  -Ul -28 -15  -22   -25 -1*0 -1*8 UO 27 1U 21 2U 1 1 5 20 20 12 19 

10,000  -29 -21 -12 -M        -19 -30 -36 29 20 1? 16 19 8 3 16 16 1 1 15 

5,000  -15 -1 1 -1         -8   -10 -19 -21* 15 1 1 7 B 10 1 -3 IU IU 10 12 

CHARLESTON, W. VA. TO LOUISVILLE 195 N .MI. 

15,000  -M -28 -15  -22   -25 -U0 -UÖ UO 27 IS 21 2U 12 5 20 20 12 19 

10,000  -29 -2 1 -12  -1r   -19 -30 -56 29 20 12 16 19 9 3 • 5 16 1 1 15 

5,000  -16 - 1 1 -7   -8   -10 -19 -2U 15 11 1 a 10 2 -3 IU IU 9 12 

CHAKLtSTON, W.VA , TO NEW YORK 386 N • MI. 

15,000   UO 26 16   23    25 1 i r -Ul -27 -17 -2U -26 -UO -U8 20 20 12 19 

10.000   2H 20 13    18     19 9 n -29 -20 -13 -18 -20 -30 -36 16 16 1 t IU 

5,000 15 10 7     9     10 2 -2 -15 -1 1 -r -V -10 -19 -23 IU 1 3 9 12 

•HtAOWlNDS—COWPUIED   FOR   &      U50-KI    »IKSPEEO. 
••A--OtVOTtS   ANNUAL   EwUlVALENT   HEADWINDS   FOR    INDICATED   PER   CENI    RtL1AÖILITIES. 

tl^uS   SlONS   OENOIE    HEAJWlNOS. 

PAÜt 4.0 
THE   BOEING   COMPANY 
tRANSPORT   DIVISION 

NO. 06-91Jb 



I 
'1: 

I 

I 
I I 

I 

I 
I 

EQUIVALtNT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E Q U I V A L E N T H E A D W I N D S» STANDARD DEVIATION 
IN D 1 R E C T R E T U R N 

FEET JAN APR  JUL OCT »»ASO A75 ASS JAN APR JUL OCT A50 A75 A85 JAN APR JUL  OCT 

CHARLESTON, W.VA. TO PITTSBURGH 142 N.MI. 
15,000   18 a       r 13 11 -1 -8 -22 -11 -8 -15 -13 -26 -33 21 21 12   20 
10,000   li 6    l» 8 7 -2 -8 -15 -a -5 -9 -9 -19 -25 16 17 12   15 
S,000    ( 3    2 U 1« -t -9 -8 -i* -3 -5 -t -13 -18 11* It 10   12 

CHARLESTON, W.VA. TO ROANOKE 100 N.MI. 
li.OOO   28 23   11 1U 18 6 0 -31 -25 -11 -15 -19 -33 -1*2 21 21 12   20 
10,000   22 17   10 12 15 5 0 -23 -18 -10 -13 -16 -26 -32 16 1 7 11   15 
5,000   12 9    6 6 8 0 -5 -12 -10 -6 -6 -8 -17 -22 lit It 9   13 

CHARLESTON, W.VA. TO WASHINGTON, D.C. 216 N.MI. 
IS,000   41 28   16 22 25 13 6 -1*2 -29 -16 -23 -26 -1*1 -50 20 20 12   19 
10,000   29 21   13 18 19 9 1* -30 -22 -13 -18 -20 -31 -37 16 17 11   15 
5,000   15 1 1    7 8 10 2 -2 -16 -12 -7 -9 -10 -19 -21* |l* lit 9   12 

CHARLOTTE TO CHATTANOOGA 210 N.MI. 
15,000  -38 -29  -10 -18 -22 -37 -U6 37 29 9 17 21 9 3 19 19 11   18 
10,000  -28 -21   -9 -13 -17 -28 -31* 27 20 8 13 16 6 1 15 15 10   11* 
5,000  -15 -1 1   -6 -5 -9 -17 -22 11* 11 6 5 9 1 -l» 11* 13 9   12 

CHARLOTTE TO CLEVELAND 371* N.MI. 
15,000   -5 -7   -2 -1 -3 -15 -21 0 5 1 -1 1 -10 -16 19 19 11    18 
10,000   -U -5   -3 -2 -U -13 -18 2 I* 2 1 2 -7 -12 15 16 1 1   11* 
5,000   --2 -3   -2 -1 -2 -10 -11* 1 2 2 1 1 -6 -11 13 13 9   12 

CHARLOTTE TO COLUMBIA 77 N.MI. 
15,000  -12 -5   -2 -5 -5 -17 -2i* 8 2 1 I* 3 -7 -13 19 19 11    19 
10,000   -5 -3   -2 -U -3 -13 -18 3 2 1 3 2 -7 -12 15 16 10   1U 
5,000   -3 -2    0 -1 -2 -9 -11* 2 1 0 1 1 -7 -11 It 13 9   12 

CHARLOTTE TO COLUMBUS, OHIO 302 N.MI. 
15,000  -11 -12   -5 -5 -8 -19 -26 7 9 I* 3 6 -5 -12 19 19 11    18 
10,000  -10 -9   -5 -U -7 -16 -21 7 7 i* 3 5 -t -9 15 16 11    II* 
5,000   -5 -U   -3 -3 -'4 -12 -16 i* i* 3 2 3 -5 -9 It 13 9   12 

CHARLOTTE TO DANVILLE 1 12 N.MI. 
15,000   30 19    8 15 16 It -2 -32 -2) -8 -16 -IB -32 -1*0 20 20 11    19 
10,000   19 U     7 1 1 12 2 -3 -21 -15 -7 -12 -13 -23 -29 15 16 11    15 
5,000   10 7    ä It 6 -2 -6 -1 1 -8 -i* -I* -6 -15 -19 It 13 9   12 

CHARLorre ro GREENSBORO 71 N.MI. 
15,000   29 18    7 \h 16 It -2 -31 -20 -8 -15 -17 -31 -1*0 20 20 1 1    19 
10,000   18 13    6 10 1 1 2 -3 -20 -1U -7 -1 1 -12 -23 -28 16 16 11   15 
5,000   10 7    3 U 6 -2 -7 -11 -8 -i* -1» -6 -15 -19 It 13 9   13 

CHARLOTTE TO GREENVILLE 73 N.MI. 
15,000  -38 -29   -9 -18 -22 -37 -1*6 3 7 28 9 M 21 8 2 20 20 11    19 
10,000 -21 -20   -9 -13 -16 -28 -3U 27 19 8 13 16 6 1 15 16 10   15 
5,000  -15 -11   -6 -5 -9 -17 -22 lU 10 5 5 8 0 -1* It 13 9   13 

CHARLUriE TO JACKSONVILLE 290 N.MI. 
15,000   -9 -14    _3 -5 -5 -15 -21 6 2 2 t 3 -6 -12 17 1 7 10   16 
10,000   -6 -3   - 3 -H -i* -12 -17 U 2 3 3 3 -5 -10 11* It 9   13 
5,000   -5 -3   -2 -2 -3 -10 -11*  | N 2 2 1 2 -5 -9 12 12 8   1 1 

CHARLOTTE 10 PHILADELPHIA 389 N.MI. 
15,000   30 18    10 17 1? 6 0 -32 -20 -1 1 -IB -19 -32 -to 19 19 11    18 
10,000   20 1«,    8 12 13 It -1 -21 -15 -8 -13 -11» -2U -29 15 16 10   It 
5,000   10 7     1* 5 7 -1 -5 -1 1 -fl -5 -6 -7 -15 -20 1 5 13 9   12 

CHARLOTTE 10 RALEIGH 
; 

1 12 N.MI. 
15,000   hi 27    10 18 21 9 3 -38 -28 -10 -19 -22 -37 -t6 20 20 1 1    19 
10,000   2 6 19    9 1 S 1ft 6 1 -27 -20 -9 -It -1? -28 -3t 15 16 11   15 
5,000    U 10    5 5 8 0 -t -lu -11 -5 -5 -8 -1 1 -22 It 1 5 9   12 

CHARLOTTE fCi RICHMOND 222 N.MI. 
15,000   3 5 22   10 1 I 19 r ! -35 -2"* -10 -18 -20 -5U -t2 19 19 II    1H 
10,000   22 16    B 12 it u -1 -25 -17 -a -11 -15 -25 -31 15 16 10   It 
',,000 12 9    5 5 7 -i -5 -12 -9 -5 -5 -1 -16 -21. It 1 5 9   12 

•MEAOxlNOS—COMPUIEO FOR A  tSO-KT AIRSPEED. 
• •»--OENOTt <. ANNUAL EüUlVALtNl MtADwlNDS FOR iNOICAieD PER CENT «EL I Ab IH T I ES. 

"ISuS SUNS OENOIt HtAOwlNOS. 
THE BOEING COMPANY 
TRANSPORT DIVISION 

NO.  06- 
PAOt 

9176 
41 

*► 



EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FO« GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

E Q U I V A L E N T H E A D W I N D S» STANDARD DEVIATION 
DIRE C T R E T U R N 

FEET JAN  APR  JUL  OCT • •A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL  OCT 

CHARLOUE TO SPARIANBUKG 53 N.MI. 
15,000  -38  -28   -9  -18 -21 -37 -U6 37 27 9 17 21 8 2 20 20 11    19 
10,000 -ZJ      -20   -8  -13 -16 -27 -31» 26 19 8 12 16 5 0 15 16 11    15 
5,000  -lit  -11   -5   -5 -8 -17 -22 1U 10 5 5 8 0 -5 11» 13 9   15 

CHARLOTTE TO WASHINGTON, D. C. 287 N.MI. 
15,000   28   17    9   16 16 5 -1 -31 -19 -9 -17 -17 -31 -39 19 19 1 1    18 
10,000   18   13    7   11 12 2 -3 -20 -TU -7 -12 -13 -23 -28 15 16 10   11. 
5,000   10    7    l«    U 6 -2 -6 -10 -7 -it -5 -6 -11» -19 II» 13 9   12 

CHATTANOOGA TO CINCINNATI 2U2 N.MI. 
15,000    6    112 2 -9 -15 -10 -3 -2 -U -1* -16 -23 19 19 11    19 
10,000    3    112 2 -8 -13 -6 -2 -1 -3 -3 -12 -17 15 16 n      u 
5,000    2    111 1 -7 -12 -3 -2 -1 -1 -1 -10 -IM 11» lit 9   12 

CHAfTANOOGA TO GREENVILLE 141 N.MI. 
15,000   36   28    9   17 21 8 2 -37 -29 -9 -18 -21 -37 -45 19 19 11    18 
10,000   27   20    8   12 16 6 i -28 -20 -8 -13 -16 -27 -3it 15 16 10   14 
5,000   lU   11    6    5 8 0 -i* -15 -11 -6 -5 -9 -17 -22 11» 1 3 9   12 

CHATTANOOGA TO KNOXVILLE 76 N.MI. 
15,000   33   2 1    8   15 17 5 -1 -3U -23 -8 -16 -18 -33 -i»2 20 20 11    19 
10,000   22   15    7   11 13 3 -2 -23 • -16 -7 -1 1 -lit -25 -30 15 16 11   15 
5,000   12    9    5    i* 7 -1 -6 -12 -9 -5 -U -7 -16 -21 11» 11» 9   13 

CHATTANOOGA TO LEXINGTON 182 N.MI. 
15,000    9    2    2    3 It -7 -\h -13 -5 -2 -5 -6 -18 -2lt 20 20 11    19 
10,000    5    2    2    3 3 -6 -12 -7 -3 -2 -it -i» -13 -18 15 16 11    14 
5,000    3    2    11 1 -7 -11 -U -2 -1 -1 -2 -10 -15 lit U 9   12 

CHATTANOOGA TO MEMPHIS 235 N.MI. 
15,000  -38  -28   -9  -18 -2 1 -37 -US 37 27 8 17 20 8 2 19 19 1 1    18 
10,000  -27  -20   -8  -13 -16 -27 -33 27 19 7 12 15 6 1 lit 15 10   14 
5,000  -1U  - 11   -6   -5 -9 -17 -22 lit I I 6 5 8 0 -it lit lit 9   12 

CHATTANOOGA TO NASHVILLE 98 N.MI. 
15,000  -25  -22   -7  -13 -16 -29 -37 23 20 7 12 lit 3 -3 20 20 11    19 
10,000  -19  -15   -6   -V -12 -22 -28 18 1U 6 9 11 I -3 15 16 11   15 
5,000  -10   -8   -5   -U -6 -15 -20 9 7 4 It 6 -2 -7 lU 11* 10   13 

CHATTANOOGA TO ROMt 41 N.MI. 
15,000   -7    0    0-1 -2 -13 -20 5 -2 -1 0 0 -1 1 -18 20 20 11    19 
10,000   -3    0   -1   -1 -1 -10 -15 0 -1 1 0 0 -9 -lit 15 16 10   15 
5,000   -2-1    0    0 -1 -9 -It 1 0 0 0 0 -8 -13 lit in 9   13 

CHEYENNE TO DENVER 83 N.MI. 
15,000    3-1-3    2 - 1 -1 1 -18 -5 -1 5 -3 -1 -13 -19 20 18 12   17 
»0,000    2    1-31 0 -a -12 -3 -1 2 -2 -1 -9 -11» 1i» 1 5 10   13 
5,000   -6   -6   -6   -6 -6 -12 -16 6 5 6 6 6 -1 -it 10 1 1 8   10 

CHICAGO TO CINCINNATI 230 N.MI. 
15,000   2»i   17   11   15 16 it -2 -27 -19 -12 -16 -18 -31 -38 20 20 13   19 
10,000   18   1U    9   11 15 5 -2 -19 -15 -10 -12 -11» -2U -30 15 16 12   15 
5,000    V    7    U    6 1 -2 -7 -10 -8 -5 -7 -7 -16 -21 lit 15 10   13 

CHICAGO TO CLEVELAND 273 N.MI. 
15,000   $8   25   19   23 25 15 6 -39 -26 -19 -21» -26 -MO -lt7 20 20 13   19 
10,000   IV,          19   15   18 19 9 it -28 -20 -15 -18 -20 -30 -36 15 16 12   15 
5,000   15   10    8   10 10 2 -3 -15 -10 -8 -10 -1 1 -20 -25 li» 15 10   12 

CHICAGO TO COLUMBUS, OHIO 256 N.MI. 
IS,000   Sh         23   16   20 ?3 10 it -36 -25 -17 -21 -21» -37 -US 20 20 13   19 
10,000   25   18   15   16 18 8 2 -26 -19 -lu -16 -18 -29 -3it 15 16 12   15 
5,000   13   10    7    9 9 1 -it -lit -10 -7 -9 -10 -19 -2it III 15 10   12 

CHICAGO TO DAYTON 209 N.MI. 
15,000   51   21   15   18 20 a 2 -33 -23 -15 -20 -22 -35 -MS 20 20 13   20 
10,000   2 3   16   1?   It. 16 6 1 -?u -1 7 -12 -15 -17 -27 -33 15 i r 12   15 
5,000 12    9    6    8 8 0 -5 -13 -9 -6 -H -9 -18 -23 15 15 10   13 

»H£AOMiNOS—COMPUTtG FOU A  1.50-KT AIRSPEED. 
••4--»tN(JTLS ANNUAL EUUIVALtNT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 
«INUS SIGNS DENOTE HEAO-INDS. 

THE BOEING COMPANY 
fRANSPORI DIVISION f»Gt i«2 

NO. 06-91 lb 



I 
I tQUIVALENT HEADWINDS AND SfANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

i 

s 

I 
I 
I 

I 
I 
I 

1 

I 

I 

HEIGHT 
IN 

FEET 

E   Q   U   I    V   A   L   E   N   T HEADWINDS» 

JAN      APR 
DIRECT 

JUL      OCT   «»ASO A/S  A85 

CHICAGO TO DES MOINES 
IS,000 -3S  -23  -18 -22 
10,000 -26  -18  -lU -16 
S.OOO -U   -9   -7 -10 

CHICAGO TO DETROIT 
IS,000 il        2U         19 22 
10,000 27   18   11» 17 
S,000 IS    9    8 10 

CHICAGO TO   EVANSVULE 
«5,000 0          2          12 
10,000 12           11 
S,000 110 0 

CHICAGO TO   GKANO   RAPIDS 
IS,000 iO         19         16 18 
10,000 22         IU         12 lU 
S,000 12            7           7 9 

CHICAGO TO    INDIANAPOLIS 
IS,000 17         \i           9 12 
10,000 13        10          7 a 
S,000 7           S           i U 

CHICAGO TO   KANSAS   CITY 
IS,000 -il      -21      -IS -18 
10,000 -2i     -16      -11 -U 
S,000 -12         -8        -7 -9 

CHICAGO TO   LOUISVILLE 
IS,000 1U         II           7 9 
10,000 10           8           6 6 

S.OOO 6           S           2 U 

CHICAGO TO   MADISON 
15,000 -21      -18     -IS -18 
10,000 -20      -H»      -11 -li 
5,000 -11         -8        -5 -7 

CHICAGO TO   MILWAUKEE 
15,000 -H         -3        -2 -3 
10,000 -2         -2        -2 -2 
5,000 -1-2           0 0 

CHICAGO TO   MINNEAPOLIS 
15,000 -50      -20      -17 -20 
10,000 -22      -IS      -13 -15 
5,000 -12         -8        -6 -9 

CHICAGO TO   MOLINE 
15,000 -35      -23     -18 -2 1 
10,000 -?6      -18      -lU -16 
5,000 -IH        -9        -7 -10 

CHICAGO   TO   MUSKEGON 
15,000 23         1U         12 1U 
10,000 1?         II           9 II 
5,000 9            U           6 7 

CHICAGO   TO   NASHVILLE 
15.000 3           "4           2 '• 
10,000 3            5           2 2 
5,000 2           2           0 1 

CHICAGO   TO   PltlSBUKGH 
IS,000 3H         2S         IB 22 
10,000 26         19         U Irt 

•i.OOO 15         10           8 10 

-24 -37 -1*1» 
-18 -28 -31» 
-10      -19     -24 

25        12 6 
19 9 3 
10 1        -3 

12 
9 
S 

10 
8 
4 

19 
14 
-7 

-3 
-2 
-I 

-21 
-16 
-9 

-2 3 
-18 
-10 

15 
12 

7 

25 
I ? 
10 

-10 -17 
-8 -14 
-8     -13 

20 8 
IS 5 

8        -I 

0 
-1 
-4 

-32 
-25 
-1 7 

-37 
-29 
-IV 

-8 
- J 
-r 

I 3 

2 

-o 
-6 
-9 

-20      -33     -40 
-16      -26     -31 
-9      -17     -22 

-2 -8 
-2 -7 
-S       -9 

-39 
■30 
-22 

■IS -23 
•12 -18 
■10     -IS 

-34 -41 
-26 -31 
-18     -23 

-44 
-34 
-24 

-14 
-12 
-I I 

JAN      APR 

34 
25 
13 

-S 
-3 
-2 

-21 
-15 

30 
22 

1 I 

-17 
-12 
-7 

25 
18 
10 

28 
21 
12 

3U 
25 
13 

-4 I -26 
-4 I -19 
-7     I  -10 

■ 

-39 
-28 
-IS 

RETURN 
JUL      OCT        A50 A7S      A85 

22 
17 

8 

18 
13 

7 

•IS 
•1 1 
-6 

20 
IS 

8 

■13 
■10 
-5 

17 
13 

7 

19 
14 

7 

22 
17 

H 

15 
II 

T 

-8 
-6 
-3 

IU 
I 1 

5 

i r 
13 

6 

ir 
13 

r 

-6 
-5 
-2 

21 
16 
10 

-38     -25     -19     -23 
-28     -19     -IS     -18 
-IS     -10        -8     -11 

-4 -2 -4 
-3 -2 -2 
-2 0        -1 

-32 -20 -16 -20 
-23 -15 -12 -15 
-13       -7        -7     -10 

-10 -13 
-8 -9 
-3        -5 

16 
13 

8 

-1 1 
-7 
-4 

16 
12 

7 

19 
14 

20 
15 
10 

16 -13 -IS 
12 -10 -12 
-S -6 -8 

-6 
-5 
-2 

-26     -18     -23 
-20     -IS     -18 
-II -8      -10 

23 
18 

9 

-4 
-3 
-1 

-12 
-9 
-4 

17 
13 

7 

20 
IS 

a 

22 
17 

9 

■1 7 
■13 
-7 

-5 
-4 
-2 

■26 
-20 
-1 1 

I I 
8 
1 

-21     -35 
-16     -27 
-9     -18 

-14     -27 
-II      -2 1 
-5     -14 

-24 
-19 
-13 

-12 
-9 
-9 

6 
-I 

10 
7 
0 

-30 
-23 
-16 

17 
■1 3 
■10 

•39 
■30 
■19 

S 
2 

-4 

-25 -39 -46 
-19 -30 -36 
-II     -20     -25 

-16     -22 
-52     -17 
-10      -14 

-42 
-33 
-23 

-34 
-26 
-19 

19 8 2 
15 S 0 

8 0        -S 

-31 
-24 
-18 

-2 
-7 

19 
15 

•IM 

2 
0 

-S 

-37 
-29 
-2 1 

-23 
-18 
- I* 

-U7 
-36 
-24 

•Ht*0WlNUS--COMPulEO   fO*   A      4S0-KI    AIRSPEED. 
••A--0£N0rtS   ANNUAL   EiJUIVALENT   HEAOWiNOS   FO« 

MINUS   SIGNS   DtNOIt   HEADWINDS. 

STANDARD   DEVIATION 

JAN     APR      JUL      ÜCT 

20 
15 
14 

20 
16 
IS 

20 
15 
14 

21 
16 
IS 

20 
IS 
15 

19 
14 
14 

20 
IS 
14 

21 
16 
15 

21 
16 
15 

20 
IS 
14 

20 
IS 
IS 

21 
16 
15 

19 
14 
IU 

20 
15 
14 

INOICAIfO   PER   CENT   KElI Ab IL1T1ES. 

THE   BOEING   COMPANY 
TRANSPOHl   DIVISION 

259   N.M1. 
20        13        19 
16 12        15 
15        11 13 

203 N.MI. 
20        13        20 
17 12 15 
15        10        13 

20 
16 
IS 

237  N.MI. 
12 19 
12 15 
10        13 

113  N. 
21 13 
1 7 13 
15        11 

21 
17 
IS 

20 
16 
14 

21 
i r 
IS 

19 
15 
14 

Ml. 
20 
IS 
13 

154 N.MI. 
13 20 
12 15 
10 13 

350 N. 
19 12 
15        12 
14        10 

Ml. 
19 
14 
12 

249   N.MI . 
12 19 
12        15 
10        13 

94   N.MI. 
21 14        20 
17 13 IS 
16 11 13 

58   N.MI . 
21 14        20 
17 13 15 
16         II 14 

290   N. 
19 13 
16 12 
15 11 

MI. 
19 
14 
1 3 

121 N.MI. 
13 20 
13 IS 
11 13 

103   N.MI- 
21 14 20 
17 13 IS 
IS II 13 

356   N.MI. 
12 19 
II 14 

9 12 

3SÖ N.MI. 
20 12 19 
16 11 14 
14   10   12 

NO.  06-9176 
.'.•..!        Hi 



tOUIVALENr HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEET 

EQUIVALENT   HEADWIN D S» 

JAN      APR 
DIRECT 

JUL     OCT   "ASO ATS  A85 

CHICAGO TO ROCHESTER, N.Y. 
lb,000 iT        23   19 23 
10,000 27   18   1U 18 
S,000 15    9          8 10 

CHICAGO TO ST. LOUIS 
15,000 -20  -13   -9 -9 
10,000 -15  -10   -7 -8 
5,000 -8   -5   -5 -5 

CHICAGO TO SAGINAW 
15,000 30   19   16 19 
10,000 22   tU   12 15 
5,000 12    7    7 9 

CHICAGO TO SOUTH BEND 
15,000 36   21«   18 22 
10,000 27   18   1U 17 
5,000 1U    9    7 10 

CHICAGO TO SPRINGFIELD, ILL. 
15,000 -18  -11   -8 -8 
10,000 -13   -9   -6 -8 
5,000 -7   -U   -U -5 

CHICAGO TO TOLEDO 
15,000 37   2U   19 23 
10,000 27   19   1U 17 
5,000 15   10    8 10 

CHICAGO TO TORONTO 
15,000 35   22   18 22 
10,000 26   16   IM 17 
5,000 it    8    8 10 

CHICAGO TO WATERLOO 
15,000 -35  -21»  -19 -23 
10,000 -26  -18  -U -17 
5,000 -11»   -9   -7 -10 

CINCINNATI TO CLEVELAND 
15,000 26   15   12 16 
10,000 19   12    B 12 
5,000 10    6    5 7 

CINCINNATI TO 
15,000   3 3 
10,000   21» 
5,000   12 

C1NCINNATI TO DAYTON 
15,000    IU I            6 
10,000   10 5    l» 
5,000    5 3    2 

CINCINNATI TO DETROIT 
15,000    IU U     U 
iA QO0    7 3    2 
5,000    M 2    2 

CINCINNATI TO INDIANAPOLIS 
15,000  -56  -25  -15  -21 
10,000  -26  -19  -12  -15 
5,000  -IM  -10   -6   -8 

C ! MC IIWIAI 1    CO   KN0XV1LLE 
15,000 15 2 1 
10,000 2 U 2 J 
5,000 I 2 I I 

25        13 7 
19 9 1» 
10 2        -2 

■12     -25     -32 
•10     -20     -25 
-5     -IU     -19 

20 
15 

9 

21» 
19 
10 

-1 

25 
19 
10 

23 
IB 
10 

16 
12 

! 

COLUMBUS, OHIO 
20          IU 19 20 
16          10 IU 16 

8            6            8 8 

I I 
8 
1 

1 -23 
9 -19 
5     -IU 

12 
9 
1 

1 1 
8 
2 

-30 
-2U 
-18 

-2U -38 -US 
-19 -29 -3U 
-10      -19      -2U 

-U -10 
-U -9 
-5      -10 

-6 -13 
-6 -II 
- 6      - 1 1 

-23     -37      -US 
-18      -29      -5U 
-9      -IS      -2U 

JAN      APR 

17 
13 

7 

3U 
26 
IU 

-30 
-2 1 
-I 1 

-36 
-25 
-13 

-18 
-12 
-6 

3U 
25 
1 5 

2 -9      -16 -5 
2 -T      -12 -5 

1 -l      -W -2 

RETURN 
JUL      OCT        A50 A75  A8S 

-39 -2U -20 -2U 
-28 -18 -15 -19 
-15  -10   -9  -11 

-26 -39 -U6 
-19 -30 -35 
-11  -19  -2U 

11 
9 
U 

8 7 
6 7 
U    5 

10 
8 
5 

-I 
-1 
-U 

-37  -25 
-27  -19 
-15  -10 

IU    9 
»1    7 
6    3 

-19 
-15 

-37  -23 
-27  -17 
-15   -9 

-19 
-IU 
-8 

23 
17 
8 

-17 
-13 
-7 

-22 
-17 
-9 

-9 
-7 
-U 

12 
-9 
-5 

-IU 
-1 1 
-6 

-IU   -6 
-10   -5 
-5   -2 

2U 
18 
10 

-I 
-5 
-2 

IU 
12 
6 

- i 

1 

-23 
-17 
-10 

-39  -25  -19  -2U 
-28  -19  -15  -18 
-15  -10   -8  -10 

-23 
-18 
-1 1 

19   22 
IU   16 
7   10 

•18 
•13 
-7 

-20 
-15 
-8 

-7 -10 
-U -7 
-3   -U 

-S -9 
-3 -6 
-2   -3 

19 
15 
8 

•HCAOMiHOS—COttPUtEO fOt    4  U50-KT AIRSPEED. 
••A--OLN0IES ANNUAL EwUlVALENI HEADWINDS FOR INDICATED PER CENT 

"MNUS SlUNS iJENUIt HEADWINDS. 

-26 
-20 
-11 

-2U -38 
-19 -29 
-10  -19 

2U 
18 
9 

-11 
-8 
-U 

22 
! ? 
9 

1 1 
8 
1 

-8 
-6 
-8 

-32  -20  -17  -20   -21  -35  -U2 
-23  -15  -12  -15   -16  -27  -33 
-13   -7   -7  -10    -9  -18  -23 

-25  -39  -U6 
-19  -30  -36 
-10  -20  -25 

-3  -10 
-2   -8 
-U   -9 

-UO -U7 
-30 -36 
-20  -25 

-US 
-3U 
-2U 

18 -32 -39 
•13 -2U -30 
-7  -16  -21 

-22  -36  -UU 
-16  -27  -33 
-9  -18  -23 

-2U -31 
-18 -2U 
-13  -18 

-8 -21 -28 
-6 -16 -2! 
-3  -12  -16 

-U -16 -23 
-3 -13 -18 
-2  -10  -15 

REL IABILI T1ES. 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

20 
15 
IU 

20 
15 
15 

21 
16 
15 

21 
16 
15 

20 
15 
15 

20 
16 
15 

20 
15 
IU 

20 
15 
IU 

21 
16 
IU 

21 
16 
15 

21 
16 
15 

2,0 
16 
IU 

21 
16 
15 

20 
IS 
iu 

U57 N.HI. 
19 12   19 
16   11    IU 
IU   10   12 

22U N.MI. 
20 13   19 
16 12   IS 
15   10   13 

192 N.MI. 
20 13   20 
17 12   IS 
15   11   13 

73 N.HI. 
21 13   20 
17   13   IS 
15 II   13 

183 N.MI. 
20   13   2Ü 
16 12   IS 
15   10   13 

185 N.MI. 
20   13   20 
17 12   15 
15 10   13 

378 N.MI. 
20   13   19 
16 12   IU 
IU   10   12 

20 
16 
IS 

203 N.MI- 
13 19 
12 15 
11   13 

192 N.MI. 
2 1 12 20 
17 12 15 
15   10   12 

100 N.MI. 
2 1 13 20 
17 12 15 
IS   10   13 

21 
i r 
is 

55 N. 
13 
12 
10 

Ml. 
20 
IS 
1 i 

200 N.MI. 
21 13 20 
17 12 15 
15   10   13 

85 N.MI. 
2 1 13 20 
17 12 IS 
IS   10   15 

20 

in 

197 N, 
12 
I I 
9 

HI , 
19 
15 
12 

PAGE M 
THE    BOEING   COMPANY 
IUÄNSPOKT   DIVISION 

tS6-91 /6 



eOUlVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GRfcAT CIRCLE AIR ROUTES 

I 

HEIGHT E Q U I V A L E N T H E A D M I N D S« STANDARD OEVIA TION 
IN D I R E C T R E t U R N 

FEET JAN APR  JUL  OCT 

) LEXINGTON 

• •A50 A75 A85 JAN APR JUL OCT A50 A75 ABS JAN APR JUL OCT 

CINCINNATI T( 61 N .MI. 
IS,000   -2 2    0 -1 0 -12 -19 -2 -5 -1 - I -2 -11» -2 1 21 21 12 20 
»0,000    0 2    1 0 0 -9 -15 -2 -3 -1 -1 -2 -12 -17 16 17 12 15 
5,000    0 1    0 0 0 -8 -15 -1 -1 -1 -1 -' -9 -1U 15 15 10 15 

CINCINNATI TO LOUISVILLE 72 N • MI. 
15,000  -50 -19  -11 -16 -18 -32 -i»0 28 17 10 15 16 1» -2 21 21 12 20 
10,000  -2 1 -11»   -8 -12 -13 -2i» -30 20 13 8 11 15 2 -3 16 17 12 15 
5,000  -11 -8   -5 -6 -7 -16 -21 10 7 5 7 -2 -7 15 15 10 15 

CINCINNATI TO NASHVILLE 200 N .MI. 
15,000  -23 -13   -7 -1 1 -13 -25 -35 20 11 6 11 -1 -7 20 20 12 19 
10,000  -16 -10   -6 -8 -9 -19 -25 I* 8 5 8 -1 -6 15 16 II IS 
5,000   -8 -6   -1* -i« -5 -13 -18 7 5 3 5 -i» -8 11» 11» 10 12 

CINCINNATI TO PITTSBURGH 222 N, Ml. 
15,000   58 2U   16 22 2U 1 1 5 -i»0 -25 -16 -23 -25 -39 -l»7 20 21 12 19 
10,000   27 18   12 17 18 8 5 -28 -19 -15 -18 -19 -30 -35 16 1 7 12 IS 
5,000   lU 10    7 9 9 1 -5 -15 -10 -7 -9 -10 -19 -21» II» 11» 10 12 

CINCINNATI TO ST. LOUI! : 267 N, MI. 
15,000  -HO -27  -16 -22 -21» -39 -U7 39 26 15 21 21» 1 1 5 20 20 12 19 
10,000  -29 -20  -12 -16 -19 -30 -35 28 20 12 16 18 8 3 IS 16 1) |1» 
5,000  -15 -1 1   -7 -9 -10 -19 -24 15 10 7 9 10 1 -3 11» 11» 10 12 

CINCINNATI TC WASHINGTON, D .C. 356 N. MI. 
15,000   1*1 28   16 22 25 13 7 -i»2 -29 -17 -23 -26 -i»0 -U9 20 20 12 19 
10,000   30 21   13 18 20 10 5 -30 -22 -11» -18 -20 -31 -57 15 16 11 11» 
5,000   15 1 1    7 9 10 2 -2 -16 -12 -8 -9 -11 -19 -21» 1U 13 9 12 

CLEVELAND TO COLUMBUS, OHIO 97 N. Ml. 
15,000  -22 -11   -9 -H» -13 -27 -31» 18 9 8 12 11 -1 -8 21 21 13 20 
10,000  -15 -8   -6 -10 -9 -20 -26 13 7 5 9 8 -2 -8 16 1 T 12 15 
5,000   -0 -l*   -3 -5 -5 -tu -19 7 i» 3 5 l» -i» -9 15 15 10 1 3 

CLEVELAND TO DAYTON 1U1 N. Ml. 
15,000  -33 -19  -1U -20 -20 -31» -i»2 30 17 13 18 19 6 0 21 21 13 20 
10,000  -23 -15  -10 -15 -15 -26 -32 22 13 10 ti» 11» 1» -1 16 1 7 12 15 
5,000  -12 -8   -6 -8 -8 -17 -22 1 1 7 5 8 8 -1 -6 15 15 10 13 

CLEVELAND TO DETROIT 85 N. MI. 
15,000  -3i( -2i(  -17 -20 -22 -37 -i»i» 32 22 16 18 21 8 2 21 21 13 20 
10,000 -2k -18  -ID -16 -17 -28 -31« 23 17 13 15 17 6 1 !7 17 12 15 
5,000  -13 -10   - 7 -8 -9 -19 -2i» 12 9 7 8 9 0 -5 15 15 10 13 

CLEVELAND TO FT. WAYNE 153 N. MI. 
15,000  -UO -26  -18 -?l» -26 -i»0 -i»8 39 25 18 23 25 12 6 21 21 13 20 
10,000  -29 -20  -lU -18 -20 -31 -37 28 19 1U 18 19 9 5 16 17 12 15 
5,000  -15 -10   -8 -10 -1 1 -20 -25 15 10 8 10 10 2 -3 15 15 10 1 3 

CLEVELAND 10 GRAND RAPIDS 
• 

192 N. MI. 
15,000  -36 -214  -18 -22 -21» -58 -U5 ik 2 3 18 20 23 10 i» 21 21 13 20 
10,000  -26 -18  -1U -17 -18 -29 -35 25 18 11» 16 18 8 2 16 17 12 IS 
5,000  -IM -10   -8 -9 -10 -19 -21» 13 10 r 9 10 1 -i» 15 15 10 1 3 

CLEVELAND TO INDIANAPOLIS 226 N. Ml. 
15,000 -it -23  -16 -22 -23 -38 ~l»5 55 22 16 21 22 10 i» 20 ?1 13 20 
10,000  -2? -18  -12 -17 -18 -29 -3i» 26 17 12 16 17 7 2 16 1 r 12 15 
5,000  -tb -9   -7 -9 -10 -18 -23 ti» 9 7 9 9 1 -i» II» 15 10 12 

CLEVELAND TO KNOXVILLE 351 N, MI. 
15,000  -16 -7   -5 -9 -9 -21 -27 11 1» u 7 6 -5 -11 19 19 11 19 
10,000  -10 -5   -3 -6 -6 -15 -21 8 3 2 5 1» -5 -10 15 16 1 1 tu 
5,000   -5 -3   -2 -3 -3 -1 1 -15 i» 2 1 2 2 -6 -10 li» 1 5 9 12 

CLEVELAND TO MILWAUKEE 281» N. Ml . 
15,000  -3? -25  -19 -2 3 -2 5 -38 -U6 36 2U 18 2? 21» 12 5 20 20 13 19 
10,000  -27 - !9  -15 -18 -19 -50 -35 26 18 in 1 t 19 9 3 15 16 12 IS 
5,000 -15 -10   -8 -10 -10 -19 -2i» li. 10 H 10 to t -5 IK 15 to 1 1 

• HfcAÜWlNOS--CüMPUIED FOR A  1.50-KT AIRSPEED. 
• •A—-OEMOTES ANNUAL EwüIVALENI HtADWlNOS FOR INDICATED PER CENT RkLI AB IL1T11S. 

MINUS SIGNS DENOTE HEADWINDS. 
THE BOEING COMPANY 
ItANSPO«! DIVISION 

NO-  06-9 1 
PAGE 

It, 
HI 



tOUlVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E a U I V A L E N T H E A D W I N D S« STANDARD DEVIATION IN D I R E C T R E T U R N 
FEtT JAN APR JUL  OCT • • A50 A75 A85 JAN APR JUL OCT A50 A/S A85 JAN APR JUL  OCT 

CLEVELAND TO 
IS,000   41 

NEW YORK 
28   19   23 26 11* 8 -1*2 -29 -IV -21» -27 -1*1 -1*9 20 20 

368 N.MI. 
12   19 

lU.UUU 30 21 15   19 21 1 1 5 -30 -22 -16 -19 -21 -32 -38 16 16 11   Ii* 
5,000 16 12 9   10 1 1 3 -1 -16 -12 -9 -10 -12 -20 -25 11» |i* 10   12 

CLEVELAND TO PHILADELPHIA 315 N.MI. 
12   19 

15,000 uo 28 18   22 25 13 7 -1*1 -29 -18 -23 -26 -Ul -1*9 21 20 
10,000 29 21 15   IB 20 10 5 -30 -22 -IS -19 -21 -31 -37 16 17 11    15 
5,000 15 12 8    9 1 1 3 -2 -16 -12 -9 -10 -11 -20 -25 11* 11* 10   12 

CLEVELAND TO PITTSBURGH 93 N.MI. 
13   20 

15,000 32 21* 15   \1 21 8 2 -35 -25 -16 -19 -22 -37 -U5 22 2 1 
10,000 2 5 18 13   15 17 7 1 -25 -19 -13 -16 -18 -29 -35 17 17 12   15 
5,000 12 10 r       s 9 0 -i* -13 -10 -7 -8 -9 -18 -23 15 15 10   15 

CLEVELAND TO ROCHESTER, N.Y. 212 N.MI. 
13   20 

15,000 35 20 16   22 22 10 3 -37 -22 -17 -23 -23 -38 -1*5 21 2 1 
10,000 25 15 12   17 17 6 1 -26 -16 -12 -17 -17 -28 -34 16 1 7 12   15 
5,000 !U 8 1            9 9 1 -h -11* -9 -7 -10 -10 -19 -21» 15 15 10   12 

CLEVELAND TO TOLEDO 88 N.MI. 
13   20 

15,000 -1*1 -2? -19  -21* -26 -Ul -U9 1*0 26 19 23 26 13 6 21 2 I 
10,000 -29 -20 -15  -19 -20 -31 -38 28 20 15 18 20 9 i* 16 1 7 12   15 
5,000 -16 -1 1 -8  -10 -1 1 -20 -25 15 10 8 10 1 I 2 -3 15 15 10   13 

CLEVELAND TO TORONTO 168 N.MI. 
13   20 

15,000 21 10 10   15 13 1 -6 -25 -12 -1 1 -16 -15 -29 -36 21 2 1 
10,000 16 8 6   1 1 10 0 -6 -18 -9 -7 -12 -1 I -22 -28 I 7 17 12   15 
5,000 9 i* i*   r 6 -3 -8 -10 -5 -i* -7 -6 -15 -20 15 15 10   13 

CLEVELAND TO WASHINGTON, D.C 269 N.MI. 
12   19 

15,000 ii 25 15   17 21 9 3 -36 -26 -15 -18 -25 -37 -l»5 21 20 
10,000 2 k 19 13   15 1 7 7 2 -26 -20 -13 -16 -18 -29 -3U 16 1 7 11   15 
5,000 1 5 10 7    8 9 1 -3 -13 -11 -7 -8 -10 -18 -23 II* |i* 10   12 

CLOVIS TO LUBBOCK 77 N.MI. 
11    16 

15,000 23 18 I*   1 1 12 1 -l* -21» -19 -1» -12 -13 -26 -31» 19 I 7 
10,000 15 10 2    6 8 -1 -5 -16 -11 -3 -7 -8 -18 -23 11* 13 10   12 
5,000 2 0 -3   -1 -1 -8 -12 -2 -1 2 1 0 -7 -12 12 1 3 9   1 1 

CLOVIS TO SANTA FE 161* N.MI. 
11    16 

15,000 -26 -20 -7  -13 -15 -2 7 -35 2i* 20 6 12 111 3 -2 19 1 7 
10,000 - 1 / -12 -1*   -8 -9 -18 -23 16 11 U 7 9 1 -3 11* 12 10   12 
5,000 -? -1 2    2 0 -6 -10 2 1 -2 -2 -1 -7 -11 ! 1 1 1 8   10 

COLLEliE STATION TO HOUSTON 80 N.MI. 
10   16 

15,000 1 J 15 1     7 9 -1 -7 -19 -16 -1 -8 -10 -22 -28 17 16 
10,000 9 r -1    i* 1* -1» -a -1 1 -8 1 -5 -5 -11* -19 Ift 1 i 10   12 
5,000 i 0 -i*    0 -1 -B -13 -3 0 3 -1 0 -B -12 II* 13 9   12 

COLLEGE STA1ION TO IEMPLE 61» N.MI. 
11    16 

15.000 -21» -20 -2  -10 -13 -25 -33 22 19 1 10 12 I -5 IB 16 
10,000 - 15 -1 1 -I    -6 -7 -17 -22 IM 10 0 6 7 -2 -6 11* 1 3 10    1 3 
5.000 -6 -2 2   -1 -1 -10 -11* 5 2 -2 1 1 -7 -1 1 11* 13 9   12 

COLORADO SPRINGS TC 
15,000   -8   -i 

DENVER 
0   -5 -U -15 -22 6 2 -1 1* 2 -9 -15 20 IB 

58 N.MI. 
12   17 lU.OUU -5 - \ 1   -3 -2 -1 1 -15 M 2 -1 3 2 -7 -I 1 Ii* 1 3 10   1 i 5,000 5 5 6    5 5 -1 -i* -5 -5 -6 -6 -6 -12 -16 10 1 1 8   10 

COLOKAOO SPRINGS TC OKLAHOMA CITY S97 N.MI. 
11    16 

15,000 2 5 19 9    15 16 5 0 -27 -20 -9 -16 -17 -29 -35 18 1 7 
10,00.0 1 / 12 5   10 1 1 2 -2 -18 -12 -6 -10 -11 -20 -25 1 i 1 S 10   12 
5,000 5 5 1     3 5 -ft -8 -5 -u - 1 -3 -3 -1 1 -15 12 12 9   1 1 

COLORAOO SPRINGS TC PUfcBLO 33 N.MI. 
12   1 r 

IS.OOC IC 5 1     I 5 -6 -12 -12 -7 -2 -a -7 -18 -25 20 IB 
10.000 7 u 0     U k -5 -9 -a -5 -l -5 -i* -13 -18 lu 1 i 10   1 3 5,000 -h -5 -6   -5 -5 -1 1 -15  i n u 6 S 5 -2 -6  i 10 1 I 8    10 

• HEAUW1NOS--COMPUIED F 0* A  1.50-nr AIRSPEED. 
••A--OfcNOItS ANNUAL EUUlVAltNT HEADWINDS FOR 

CINUS SIGNS OtNOIt HEADWINDS. 
INDICATED PER CENT «EL 1 ABUI I IES. 

PAi.fc »6 
THE BOEING COMPANY 
TRANSPORT DIVISION 

NO. 06-9176 
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tUUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E Q U I V A L £ N T H £ A D W I N D S» STANDARD 

JAN  APR 

DEVIATION 

IN 

FEET JAN 
D I 

APR  JUL 
R E C 
OCT •• 

T 
A50 A75 A85 JAN APR 

R E 
JUL 

T U R 
OCT 

N 
A50 A75 AÖ5 JUL  OCT 

COLUMBIA TO 

15,000   S6 
10,000   26 
5,000   13 

FLORENCE 
28    9 
19    8 
10    5 

16 
12 
5 

20 
15 
8 

8 
5 
0 

2 
0 

-u 

-37 
-26 
-11* 

-29 
-20 
-11 

-9 
-8 
-6 

-17 
-12 
-5 

-21 
-16 
-8 

-36 
-27 
-17 

-U5 
-33 
-22 

19 
15 
11« 

19 

16 

13 

71 N.MI. 
11   18 
10   IU 
9   12 

COLUMBIA TO 
15,000  -25 
10,000  -20 
5,000  -10 

GREENVILLE 
-22   -7 
-15   -6 
-8   -1» 

-12 
-8 
-k 

-15 
-11 
-6 

-28 
-22 
-1U 

-36 
-28 
-19 

22 
19 
9 

21 
15 
7 

6 
5 
k 

10 
7 
3 

11« 
11 
6 

2 
1 

-2 

-l* 
-l* 
-7 

19 
15 
1U 

19 

16 

13 

82 N.MI. 
11   18 
10   U 
9   12 

COLUMBIA,S.C 
15,000   -9 
10,000   -6 
5,000   -6 

. TO JACKSONVILLE 
-U   -3   -•» 
-3   -3   -i» 
-3   -2   -2 

-5 
-l» 
-3 

-15 
-12 
-11 

-21 
-17 
-15 

5 
i* 

5 

2 
2 
3 

2 
3 

2 

3 
3 
1 

3 
3 
3 

-6 
-5 
-5 

-12 
-10 
-9 

17 
\k 
12 

17 

11* 

12 

21U N.MI. 
10   16 
9   13 
8   11 

COLUMBIA TO 
15,000  -35 
10,000  -25 
5,000  -13 

MEKIOIAN 
-27   -7 
-18   -7 
-10   -5 

-16 

-1 1 

-5 

-19 
-in 
-8 

-31» 

-16 

-HI 
-30 
-20 

3"* 
2U 
13 

26 
18 
10 

7 

6 

5 

15 
10 

i* 

19 
11* 
a 

7 
5 
0 

2 
0 

-I« 

17 

13 

13 

17 

11* 

12 

395 N.MI. 
10   16 
9   13 
8   1 1 

COLUMBIA TO 
15,000  -31 
10,000  -21* 
5,000  -13 

MONTGOMERY 
-26   -7 
-18   -7 
-10   -5 

-15 

-10 

-5 

-19 
-1U 
-8 

-33 
-2k 
-16 

-U1 
-30 
-20 

ik 
2 k 
12 

25 
17 
10 

7 

7 

5 

15 

10 

1* 

18 
13 
7 

6 
U 
0 

1 

0 

-1» 

18 

11» 

13 

18 

lit 

12 

283 N.MI. 
10   17 
10   13 
9   12 

COLUMBIA TO 
15,000  -30 
10,000  -21 
5,000  -12 

PENSACOLA 
-22   -6 
-15   -6 
-9   -5 

-13 

-9 

-u 

-16 
-12 
-7 

-29 
-22 
-15 

-37 
-27 
-19 

29 
20 
11 

21 
15 
9 

5 

6 

5 

12 

8 

k 

15 
1 1 
7 

5 
3 

-1 

-1 
-2 

-i« 

17 

13 

12 

17 

IM 

12 

373 N.MI. 
10   16 
9   13 
8   11 

COLUMBIA,S.C 
15,000   30 
10,000   19 
5,000   10 

. TO RALEIGH 
20    7   IU 
11»    6   10 
Ö    3    3 

16 
12 
6 

k 
2 

-2 

-1 
-2 
-6 

-32 
-20 
-1 1 

-22 
-15 
-8 

-r 
-7 

-15 

-11 

-u 

-17 
-13 
-6 

-32 
-23 
-11» 

-UO 

-29 
-19 

19 

15 

11« 

19 

16 

12 

162 N.MI. 
11    18 
10   II» 
9   12 

COLUMBIA TO 
15,000   -6 
10,000   -3 
5,000   -k 

SAVANNAH 
-1   -2 
-1   -2 
-2   -1 

-3 

-3 

- 1 

-3 
-2 
-2 

-13 
-1 1 
-10 

-19 
-16 
-11* 

3 
1 
3 

-1 
0 
1 

2 

2 

1 

2 
2 
1 

1 
1 
1 

-9 
-7 
-6 

-15 
-12 
-10 

18 

15 

13 

18 

15 

12 

116 N.MI. 
10   17 
10   \k 

9         12 

COLUMBIA TO 
15,000   2M 
10,000   15 
5,000    a 

WASHINGTON 
U    7 
1 1    5 
6    3 

o.e. 
13 
9 
5 

13 
10 
5 

2 
1 

-3 

-3 
-i* 

-7 

-27 
-17 
-9 

-17 
-12 
-6 

-7 

-6 

-3 

-15 
-10 
-U 

-15 
-11 
-5 

-28 
-20 
-13 

-36 
-26 
-18 

19 

15 

13 

19 

15 

12 

35"* N.MI. 
11    18 
10   IU 
9   12 

COLUMBUS,GA. 
15,000  -3«t 
10,000 -2k 
5,000  -1? 

TO MONTGOMERY 
-26   -6  -15 
-18   -6  -10 
-10   -5   -5 

-19 
-13 
-7 

-33 
-2k 
-16 

-U1 
-30 
-20 

33 
23 
12 

25 
17 
9 

6 

5 

5 

ID 
9 
1* 

18 
13 
7 

6 
3 

-1 

0 
-2 
-5 

18 

m 
13 

18 

15 

13 

75 N.MI. 
10   17 
10   IU 
9   12 

COLUMBUS,GA. 
15,000  -26 
10,000  -18 
5,000  -11 

TO PENSACOLA 
- 18   -■»  -10 
-13   -5   -6 
-8   -5   -1 

-13 
-10 
-6 

-26 
-19 
-1U 

-33 
-25 
-19 

2U 
17 
10 

17 
12 
8 

3 

5 

U 

10 
6 
3 

12 
9 
6 

1 
1 

-2 

-k 
-k 
-6 

17 

li* 

13 

1 7 
\k 
12 

168 N.MI. 
10   16 
10   13 
9   12 

COLUMBUS,GA. 
15,000    3 
10,000    1 
5,000   -3 

10 TALLAHASSEE 
5    1    1 
2   -2    1 
-1-2    0 

2 
0 

-1 

-8 
-a 
-9 

-13 -6 
-3 
2 

-7 
-k 

1 

-1 

2 
1 

-2 
-1 
0 

-3 
-1 

1 

-IK 
-10 
-7 

-20 
-15 
-1 1 

17 

13 

1 t 
\k 
12 

131 N.MI. 
10   16 
10   1 5 
9   12 

COLUMBUS, OHIO TO DAYTON 
15,000  -u2  -20  -18  -2U 
10,000  -30  -21  -IH  -19 
5,000  -16  -11   -8  -10 

-26 
-20 
-1 1 

-32 
-20 

-50 
-3« 
-25 

Ul 
29 
15 

26 
20 
1 1 

17 

in 
7 

23 
18 
10 

26 
20 
10 

1 J 
9 
2 

6 

-3 

21 

1ft 

15 

21 
1 I 

15 

62 N.MI. 
13   20 
12   15 
10   1 4 

COLUMBUS, OHIO TO OETRGIT 
15,000   -9   -9   -i»   -U 
10,000   -6   -1   -5   -U 
5,000   -5   -"   -2   -2 

-6 
-5 
-J 

-19 
-15 
- 1 1 

-26 
-21 
-16 

5 
U 
2 

S 
J 

3 
k 

2 

2 
2 
1 

k 

U 
2 

-8 
-6 
-r 

-15 
-12 
-12 

21 

16 

15 

21 

i r 
is 

136 N.MI. 
13   20 
12   15 
10   13 

•MtAOWiNDS--COMPurEO FO< *  U50-KI AIRSPEED. 
••A--DtNOTES ANNUAL EQUIVALENT HE4D«1NDS FOR INOlCATEü PER CENT RELIABILITIES. 

«INUS SIGNS DENOTE HtAOwlNOS. 
THE BOEING COMPANY 
TRANSPORT DIVISION 

NO.  06-9176 
PAGE      kl 
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tCUlVALENr HtADWINDS AND STANDARD DEVIAriON IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEET 

E Q U I V A L E N T 

JAN  APR 
D i 

JUL 
R £ C T 
OCT »»ASO Af5  A85 

COLUMBUS, OHIO TO INDIANAPOLIS 
15,000  -41  -2/ -IT  -24 -26 
10,000  -10  -21 -14  -la -20 
5,000  -16  -11 -8  -10 -11 

COLUMBUS, OHIO TO LOUISVILLE 
15,000  -33  -21 -13  -19 -20 
10,000  -24  -16 -10  -14 -15 
5,000  -12   -8 -6   -1 -8 

COLUMBUS, OHIO TO PHILADELPHIA 
15,000   43   28 18   24 27 
10,000   50   22 15   19 2! 
5,000   16   12 8   10 11 

COLUMBUS, OHIO TO PITTSBURGH 
15,000   41   25 17   24 25 
10,000   29   19 13   19 20 
5,000   15   10 7   10 10 

COLUMBUS, OHIO TO TOLEDO 
15,000  -IV  -15 -8  -10 -12 
10,000  -13  -11 -8   -8 -10 
5,000   -/   -6 -4   -4 -5 

COLUMBUS, OHIO TO WASHINGTON, D.C. 
15,000   40   28 16   21 25 
10,000   29   21 14   18 20 
5,000   15   12 8    9 10 

COMCORD   TU   F1TCHBURG 
15,000     -17        -7 -6     -11 -10 
10,000        -V        -4 -3        -7 -5 
5,000        -3        -1 -3        -3 -3 

CONCORD   TO   LAC0N1Ä 
15,000         10           2 3           7 5 
10,000           4           0 0           3 2 
5,000           0           0 12 1 

COMOX TO PORT HARDY 
15,000  -21  -14 -12  -16 -15 
10,000  -14   -9 -8  -11 -10 
5,000   -5    0 -3   -2 -3 

COMOX TO VANCOUVER 
15,000   22   14 12   17 16 
10,000   15   10 8   12 11 
5,000    6    13    3 3 

CORPUS CHRISTI TO HOUSTON 
15,000   2i         \1 4    8 11 
10,000   15   12 4    5 9 
5,000   10    B 6    4 7 

CORPUS CHRISTI TO SAN ANTONIO 
15,000   -t         -J 4   -2 -2 
10,000   -2-14    1 1 
5,000    3    6 9    4 6 

-4 1 
-31 
-20 

-34 
-26 
-17 

14 
1 I 

3 

13 
9 
2 

-25 
-20 
-14 

13 
10 

2 

-24 
-16 
-12 

-a 
-9 
-9 

-29 
-20 
-I 1 

3 
1 

-5 

-1 5 
-7 
-2 

DALLAS TO   FT.    WORTH 
15,000 -32     -25        -6 -14 -18 
10,000 -22      -16         -5 -9 -12 
5,000 -10        -8        -6 -5 -7 

DALLAS TO   HOUSTON 
15.000 6            7            0 5 4-6 
10.000 3          2-23 1-7 
5.000 -1        -3        -6 -1 -3-11 

-49 
-37 
-25 

-42 
-32 
-22 

■33 
-26 
-19 

-32 
-22 
-17 

■16 
15 
14 

-36 
-26 
-15 

-3 
-3 
-4 

-18 
-1 1 
-6 

-32     -40 
-22      -28 
-16     -20 

-1 1 
-1 1 
-15 

31 
22 
12 

-44 
-31 
-16 

■42 
-30 
-16 

15 
J 1 

6 

-42 
-30 
-16 

13 
6 
2 

-14 
-6 
-2 

19 
13 

4 

-2 3 
-16 
-6 

-24 
-16 
-1 I 

31 
21 
10 

H E A D W 1 N D S» STANDARD DEVIATION 
R E T U R N 

JAN APR JUL OCT A50 A75 A85 JAN APR JUL  ÜCT 

157 N.MI. 
40 26 17 23 25 13 6 21 21 13   20 
29 20 14 18 20 9 4 16 17 12   IS 
15 1 1 7 10 10 2 -3 15 15 10   13 

19 
14 
8 

-30 
-2 3 
-12 

-27 
-20 
-1 1 

13 
10 

5 

-29 
-22 
-12 

12 
8 
0 

■15 
1 1 
-2 

■18 
■12 
-9 

6 
1 

-6 

25 
16 

7 

-9 

-3 
3 

12 
9 
5 

•18 
15 
-a 

18 
14 
-8 

■17 
■14 
-8 

-4 
-T 
-2 

1 1 
8 
3 

-12 
-8 
-4 

-4 
-4 
-6 

•MtAÜW1NDS--C0MPUILD   FOR   A      450-Kt    AIHSPfcEO. 
• •A--OENOUS   ANNUAL   KjUIVALtNl   MEAOwlNDS   FOR    INDICATED   PER 

"INUS    SIONS   DENOTE   HLADwlNOSi 

17 
13 

7 

-25 
-19 
-10 

-23 
■IB 
-9 

15 
10 

2 

-18 
-12 
-3 

-8 
-6 
-4 

13 
9 
5 

-5 
-3 

1 

19 
14 

a 

7 
4 

-1 

-26 -4 1 
-20 -3 1 
-11      -20 

-26 
-20 
-11 

14 
9 
2 

-17 
-1 1 
-4 

1 
-I 
-6 

-5 
-2 

3 

-41 
-31 
-19 

17 5 
12 2 

7        -2 

■25 -27 -42 -51 
-20 -21 -32 -38 
-10        -11      -20     -25 

-50 
-37 
-25 

10 -2 -9 
9 -1 -7 
4        -4        -9 

-49 
-37 
-24 

-6 -13 
•7 -13 
■7     -13 

-8 -22 -29 
-3 -14 -20 
-2      -11      -16 

1        -6 
0        -6 

-6     -10 

-30 -37 
-21 -27 
-11      -16 

-12 -23 -30 
-9 -17 -22 
-7      -15     -19 

-8     -12 
-9     -13 

-13     -17 

- I 
-2 
-6 

-16      -21 
-10     -15 

-5     -10 

20 
16 
14 

20 
16 
14 

21 
16 
15 

21 
16 
15 

20 
16 
14 

2 3 
18 
16 

2 3 
18 
16 

22 
18 
14 

2? 
17 
14 

16 
12 
H 

16 
12 
1 3 

19 
14 
1U 

I 7 

1 •> 

\ 1 

PAGE 4« 

:ENT RELIABILITIES. 

THE ODEING COMPANY 
TRANSPORT DIVISION 

20 
16 
14 

20 
16 
14 

172 N. 
12 
12 
10 

MI. 
19 
15 
12 

352 N.MI. 
12   19 
II   14 
9   12 

126 N. 
21   13 
17   12 
15   10 

104 N. 
21   13 
17   12 
15   10 

MI. 
20 
15 
13 

MI. 
20 
15 
13 

20 
16 
14 

280 N.MI. 
12   19 
II   15 
9   12 

40 N.MI. 
22 14 21 
18 12 16 
15   11   13 

22 
18 
16 

22 N.MI. 
15 21 
12 16 
12   13 

1 1 1 N.MI. 
20 16 20 
15 12 14 
12   10   13 

20 
14 
12 

15 
12 
1? 

15 
12 
1? 

75 N. 
15 
12 
9 

163 N. 
10 
9 

1 18 N. 
10 
9 
8 

18 
14 
14 

10 N.MI. 
II 17 
10 13 
10   12 

208 N.MI. 
16 10 16 
13 10 12 
13    9   12 

MI. 
19 
14 
12 

Ml. 
14 
1 1 
I I 

MI. 
14 
1 1 
I 1 

NO. 06-9 176 
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EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E Q U I V A L E N T H E A D W I N D S» STANDARD 

JAN  APR 

DEVIATION 

IN 
FEET JAN  APR 

D I 
JUL 

R E C T 
OCT »»ASO A75 A85 JAN APR 

R E 
JUL 

T U R 
OCT 

N 
A50 A75 A65 JUL  OCT 

DALLAS 
15,000 
10,000 
5,000 

TO JACKSON 
31   25 
21   16 
10    7 

6 

5 

11» 
9 
l» 

17 

12 

6 

6 
3 

-1 

0 
-2 
-5 

-32 
-22 
-10 

-25 
-16 
-8 

-6 
-1» 

-5 

-in 
-9 

-5 

-18 
-12 
-7 

-32 
-22 
-15 

-39 
-28 
-19 

17 
13 
13 

17 

13 

13 

336 N.MI. 
10   16 
9   13 
9   II 

DALLAS 
15,000 
10,000 
5,000 

TO KANSAS CITY 
9    6    3 
7           5    3 
H    5    6 

2 

2 

3 

5 

it 

5 

-6 
-U 
-i 

-11 
-9 
-8 

-12 
-8 
-5 

-8 
-6 
-6 

-3 

-3 

-7 

-3 

-3 

-3 

-6 
-5 
-5 

-17 
-13 
-13 

-23 
-18 
-17 

18 
11« 
13 

17 

li» 

13 

392 N.HI. 
11   16 
10   13 
9   12 

DALLAS 
15,000 
10,000 
5,000 

TO LAWTON 
-18  -15 
-12   -8 
-3   -1 

-3 
-1 
2 

-10 

-6 

-1 

-10 

-6 

0 

-23 
-15 
-9 

-30 
-20 
-1U 

16 
10 
2 

1U 
7 
0 

2 

1 

-3 

9 

5 

0 

9 
6 
0 

-1 
-3 
-8 

-7 
-8 

-13 

19 
11« 
1U 

18 

|i» 

lU 

129 N.HI. 
11   17 
10   13 
10   12 

DALLAS 
15,000 
10,000 
5,000 

TO LITTLE ROCK 
31   23    6 
22   16    6 
11    9    8 

13 

9 

5 

16 

12 

8 

5 
3 
0 

-1 
-1 
-U 

-32 
-22 
-11 

-2U 
-16 
-10 

-6 

-6 

-8 

-13 

-9 

-5 

-17 
-13 
-8 

-31 
-23 
-16 

-39 
-28 
-21 

18 
11» 
14 

17 
11» 
IU 

256 N.MI. 
11   17 
10   13 
9   12 

DALLAS 
15,000 
10,000 
5.000 

TO LUBBOCK 
-30.  -2U 
-20  -15 
-8   -6 

-5 
-U 
-3 

-9 

-3 

-1 7 

-11 

-5 

-30 
-21 
-13 

-38 
-26 
-17 

29 
20 
7 

2U 
1U 
5 

5 

it 

3 

13 

8 

3 

16 
11 
1* 

5 
2 

-3 

-1 
-2 
-8 

18 
!l» 

13 

17 
13 
13 

251» N.MI. 
10   16 
10   12 
9   12 

DALLAS 
15,000 
10,000 
5.000 

TO MCALESTER 
|l*   10    3 
11    8    U 
7    7    8 

7 

6 

7 

-3 
-2 
-2 

-9 
-7 
-7 

-17 
-12 
-7 

-12 
-9 
-7 

-i» 

-it 

-8 

-5 

-it 

-It 

-8 

-7 

-7 

-20 
-16 
-15 

-27 
-21 
-20 

19 

11» 

11» 

18 
IU 
11» 

133 N.MI. 
11   17 
10   13 
10   12 

DALLAS 
15.000 
10,000 
5,000 

TO MEMPHIS 
33   2"« 
23   16 
12    9 

6 
6 
7 

lit 

9 

5 

17 

13 

8 

6 
it 

0 

0 
-I 
-it 

-34 
-2i» 
-12 

-25 
-17 
-10 

-7 

-6 

-7 

-lit 

-10 

-5 

-18 

-13 

-8 

-32 
-2i» 
-16 

-HO 
-29 
-21 

18 

13 

13 

17 
11» 
13 

367 N.MI. 
10   16 
10   13 
9   12 

DALLAS 
15,000 
10.000 
5,000 

TO MIDLAND 
-31  -25 
-2 1  -16 
-9   -7 

-5 
-5 
-6 

-12 

-8 

-1* 

-17 

-12 

-6 

-30 
-21 
-lit 

-37 
-26 
-19 

30 
20 
9 

2it 

15 

7 

5 

if 

5 

12 

8 

it 

16 

11 

6 

5 
3 

-1 

-1 
-2 
-6 

18 

13 

13 

16 
13 
13 

276 N.MI. 
10   15 
10   12 
9   11 

DALLAS 
15.000 
10,000 
5,000 

TO MONROE 
31   25 
21   16 
10    7 

6 
1* 

5 

13 

9 

It 

17 

12 

6 

5 
3 

-2 

0 
-2 
-6 

-32 
-22 
-10 

-25 
-16 
-8 

-6 

-l» 

-5 

-lit 

-9 

-5 

-18 

-12 

-7 

-32 
-22 
-15 

-39 
-28 
-19 

18 

|i» 

13 

17 
13 
13 

21»1« N.MI . 
10   16 
10   13 
9   12 

DALLAS 
15,000 
10,000 
5,000 

TO NEW ORLEANS 
25   21    U 
16   12    1 
6    U    1 

1 1 

7 

3 

lit 

9 

3 

3 

0 
-2 
-U 
-8 

-26 
-17 
-7 

-22 
-13 
-5 

-it 

-2 

-1 

-12 

-7 

-3 

-15 

-9 

-l» 

-27 
-19 
-1 1 

-3i« 
-2"» 
-16 

17 

13 

13 

16 
13 
12 

379 N.MI. 
10   15 
9   12 
9   1 1 

DALLAS 
15.000 
10,000 
5.000 

TO OKLAHOMA 
-7   -7 
-H   -2 

1    2 

C1TV 
-1   -6 
0   -3 
5    1 

-5 

-2 

7 

-15 
-11 
-6 

-22 
-15 
-1 1 

3 
-1 

5 
1 

-3 

0 

-1 

-5 

I» 

2 

-1 

3 
1 

-3 

-7 
-7 

-1 1 

-13 
-12 
-15 

19 

11» 

|i» 

18 
11» 
U 

158 N.MI. 
11   17 
10   13 
10   12 

DALLAS 
15.000 
10,000 
5,000 

TO SAN ANTONIO 
-17  -12   -"» 
-13  -10   -5 
-8   -8   -9 

-S 

-3 

-5 

-9 

-7 

-8 

-19 
-16 
-15 

-25 
-21 
-20 

15 
12 
8 

11 
9 
8 

i* 

5 

9 

ü 

3 

it 

8 
7 
8 

-2 
-1 
0 

-7 
-6 
-5 

17 

13 

13 

16 
13 
13 

216 N.MI. 
10   15 
10   12 
9   12 

DALLAS 
15,000 
10,000 
5.000 

TO SHREVEPORT 
31   2«»    5 
2!   15    U 
V    6    U 

13 

k 

17 

1 1 

6 

5 
2 

-2 

-1 
-3 
-7 

-31 
-21 
-10 

-25 
-16 
-7 

-6 

-1» 

-it 

-11» 

-9 

-u 

-17 
-12 
-6 

-31 
-22 
-11» 

-39 
-27 
-19 

18 

It» 

li» 

17 
IU 
1 3 

155 N.MI. 
11   16 
10   13 
9   12 

DALLAS 
15.000 
10,000 
5,000 

TO TULSA 
8    5 
6     5 
5    5 

? 
3 
7 

1 

? 

it 

k 

5 

-6 
-5 
-3 

-12 
-9 
-a 

-11 
-8 

i -<> 

-7 
-6 
-6 

-2 
-3 
-7 

-3 
-3 
-3 

-5 
-5 
-6 

-16 
-13 
-11» 

-25 
-18 
-18 

19 

II» 

11» 

18 
IU 
IU 

207 N.MI. 
11   17 
10   13 
10   12 

• HE&DKlNDS —COMPUTED F 0« A  1.50-KT A1KSPEED- 
iA--OtN0TeS ANNUAL EUUIVALENI HtADMlNOS fOR INDICATED PER CENT RfcLI AbILITIES- 
MINUS SIGNS DENOTE HEADWINDS. 

THE BOEING COMPANY 
TRANSPORT DIVISION 
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HEIGHT 
IN 

FEET 

EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE 

EQUIVALENT   HEADWI N D S. 
DIRECT 

JAN  APR  JUL  OCT .«A50  A75  A85 

DALLAS TO WACO 
15,000 -»3   -9 -i» -H 
10,000 -10   -8 -1» -S 
5,000 -7   -7 -9 -U 

DALLAS TO WICHITA FALLS 
15,000 -2»»  -19 -•»  -)2 
10,000 -15  -1) -2   -7 
5,000   -5   -3 0   -2 

DANVILLE TO GREENSBORO 
15,000 -32  -21 -9 
10,000 -21  -15 -7 
5,000 -II   -8 -I* 

DANVILLE TO RICHMOND 
15,000 36   2k 12 
10,000 25   18   10 
5,000 13   10    6 

DAYTON TO FT. WAYNE 
15,000 -25  -|8  -11 -1U 
10,000 -18  -lU  -io -II 
5,000 -9   -7   -5 -6 

DAYTON TO INDIANAPOLIS 
15,000 -i*l  -27  -17 ~2k 
10,000 -30  -21  -II» -18 
5,000 -16  -II   -8 -10 

DAYTON TO PITTSBURGH 
15,000 UI   26   17 2k 
10,000 29        20   11» 18 
5.000 15   11    7 10 

DAYTON TO ST. LOUIS 
15,000 -39  -26  -16 -22 
10,000 -28  -20  -13 -16 
5,000 -IS  -M   -7 -9 

DAYTON TO WASHINGTON, O.C. 
15,000 Ul   28   17 22 
10,000 29   2!   |i» 18 
5,000 15   12    8 9 

-7 -17 -21» 
-6 -lU -19 
-7  -15  -19 

-13 -26 -3»» 
-8 -18 -23 
-2  -II  -15 

R E T U R N       '  
JAN  APR  JUL  OCT   A50  A75  A85 

10 7 3' 2 
9 7 I» 2 
6    7    9    1» 

22   IB 
11»   10 
U    2 

17 -18 -32 -l»l 30 19 
12 -13 -21» -30 20 IU 
-5 -7 -15 -20 10 7 

19 21 9 3 -37 -26 
IU 16 6 1 -26 -19 
6 8 0 -l» -11» -10 

3 
2 

-1 

1 I 
7 
1 

16 
II 
i» 

-12  -20 
-10  -15 
-6   -6 

16 -30 -37 
13 -23 -29 
-7  -15  -21 

-26 -1»! -l»9 
-20 -31 -37 
-M  -20  -25 

25 13 
20 9 
10    2 

-21» -38 -i«6 
-19 -29 -35 
-10  -19  -21» 

25 13 7 
20 10 5 
10    2   -2 

22   16 
M        13 
8    7 

UO 26 
29 20 
15   II 

10 
9 

17 
13 
7 

OAYTONA SEACH TO JACKSONVILLE 
15,000  -II  -10 I   -3    -5  -16  -?? 
10,000   -5   -6 2   -1    -2  -11  -15 
5,000    i    0 I    0     1 

OAYTONA BEACH TO LAKELAND 
15,000 -15  -12 -1»   -a 
10,000 -M   -9 -U   -6 
5,000 -H   -7 -U   -1» 

OAYTONA BEACH TO MELBOURNE 
15,000 Ö    7 -3    o 
10,000 2    K -3   _] 
5,000 -6   -2 -3   -3 

OAYTONA BEACH TO MIAMI 
15,000 5    5 -I.   -1 
10,000 0    2 -i,   -i 
5,000 -6   -U -U   -i» 

OAYTONA BEACH TO ORLANDO 
15.000 -10   -8 -I»   -6 
10,000 -9   -6 -%   -5 
5,000 -8   -6 -1»   -M 

-6  -10 

-9 -19 -25 
-/ -15 -20 
-6  -13  -17 

38 
28 
15 

-l»2 
-30 
-16 

25 
19 
10 

15 
12 
7 

9    8 
3    5 

-3    0 

-7  -II 
-8  -12 
-10  -TU 

0 -8 -12 
-2 -9-13 
-5  -11  -15 

-7 -16 -21 
-6 -IK -18 
-5  -13  -17 

IU 
1 1 
7 

-9 
-3 
5 

11 

-9 
-U 
2 

-6 
-2 
u 

•HtAOWINOS —COMPUTED FOR A  1.50-KT AIRSPEED 
••*--DfcNOTtS ANNUAL EQUIVALENT ME40WIN0S FOR'1 

MINUS SIGNS DENOTE HEADWINDS.. 

12 
10 
5 

23 
17 
10 

-U2 -27 -18 -25 
-30 -21 -IU -19 
-16  -II   -8  -10 

21 
16 
9 

-29  -17  -23 
-22  -IU  -18 
-12   -8   -9 

12 
8 
2 

17 
12 
6 

-5 -10 
-3 -8 
-2   -6 

1 
-1 
-7 

-U 
-6 
-II 

-I 
-3 
-6 

-22  -37  -U5 
-17  -28  -3U 
-9  -17  -22 

IU    2 
12    1 
6   -3 

-5 
-U 
-7 

25 
19 
10 

12 6 
9 3 
2   -3 

-26 -Ul -50 
-20 -31 -37 
-1!  -20  -25 

23   II 
18    8 
10    i 

-26 -U0 -U9 
-21 -31 -37 
-II  -19  -2U 

-5 -10 
-7 -11 
-9  -13 

-1 
-I 
-I 

-3  -13  -19 
0   -9  -13 
3   -U   -8 

-1 
1 
U 

-10 -16 
-6 -10 
-2   -6 

-3 
-2 
-2 

-8 
-7 
-6 

AIR ROUTES 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

77 N.MI. 
18 17 II 16 
I1« IU 10 13 
IU   13    9   12 

107 N.MI. 
19 17 II |7 
IU IU 10 13 
l1»   IU   10   12 

••l N.MI. 
20 20 12 |9 
'6 17 II 15 
I"»   13    9   13 

112 N.MI. 
20 20 12 19 
16 17 11 15 
IU   13    9   13 

79 N.MI. 
21 21 13 20 
16   17   12   15 
15 15   10   13 

96 N.MI. 
21   21   13   20 
16 17   12   15 
15 15   10   13 

187 N.MI. 
21   21   12   20 
16 17 12 15 
K»   IU   10   12 

29U N.MI. 
19 20 12 19 
15 16 11 IU 
IU   IU   10   12 

339 N.MI. 
20 20 12 19 
15 16 II 11» 
IU   IU    9   12 

80 N.MI. 
17 17 9 15 
IU   IU    9   13 
12 12    8   ll 

87 N.MI. 
16   16    9   IU 
13 13    9   12 
12 11    8   11 

69 N.MI. 
16   16    9   IU 
13 13    9   12 
12   11    8   11 

207 N.MI. 
15 IU    8   13 
12   12    8   II 
11 11    7   10 

Ul N.MI . 
16 16    9   IU 
IU   13    9   12 
12 12    8   1! 
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EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEET 

E Q U I V A L E N T 

JAN  APR 
DIRECT 

JUL      OCT   ••A50 

HEADWINDS* 

A7S     A8S 

DAYTONA BEACH TO TAMPA 
15,000  -19  -16   -•»   -9 -II -21 -27 
10,000  -13  -10   -U   -6 -8 -16 -21 
5,000   -7   -7   -U   -U -6 -li -17 

DAYTONA BEACH TO WEST PALM BEACH 
15,000    8    7-30 2-7 -11 
10,000    1    3   -l»   -2 -1 -8 -12 
5,000   -6   -3   -i»   -k -I» -11 -15 

DENVER TO GRAND JUNCTION 
15,000  -23  -18  -1U -15 
10,000  -13  -11   -8 -10 
5,000   -1   -2   -2 -2 

DENVER TO LINCOLN 
15,000   26   20   16 18 
10,000   18   13   10 12 
5,000    7    7    6 8 

DENVER TO LU8B0CK 
15,000   II    7    2 7 
10,000    8    U    I i» 
5,000   -2   -3   -6 -i» 

DENVER TO OMAHA 
15,000   26   20   16 18 
10,000   18   13   10 12 
5,000    7    7    6 8 

DENVER TO RAPID CITY 
15,000    2    3    6 2 
10,000    I    I    I« 1 
5,000    6    4    5 5 

DENVER TO SALT LAKE CITY 
15,000  -23  -17  -13 -16 
10,000 -13 ~io  -r -to 
5,000    J    I    2 2 

DENVER TO WICHITA 
15,000   27   20   12 17 
10,000   19   13    8 12 
5,000    6    5    3 6 

DES MOINES TO KANSAS CITY 
15,000   -9   -7   -5 -3 
10,000   -6   -H   -k -3 
5,000   -2   -3   -k -2 

DES MOINES TO MINNEAPOLIS 
15,000   -3   -2    0 -3 
10,000   -3   -2   -1 -2 
5,000   -2   -2    1 -1 

DES MOINES TO OMAHA 
15,000  -31  -21  -17 -20 
10.000  -22  -15  -12 -1U 
5,000  -11   -8   -7 -9 

DES MOINES TO ST. LOUIS 
15,000   2k         16   11 16 
10,000   18   13    fl 11 
5,000    9    6    3 6 

DES MOINES TO WATERLOO 
15,000   1«   13   11 11 
10,000   13    9    8 8 
5,000    6    H    5 6 

■17 -28 -3k 
•10 -18 -22 
-2   -7  -10 

19 
13 
7 

19 
13 
7 

18    8 
12    l» 
5   -2 

3 
0 

-1»   -9 
-l*   -8 
-11  -11» 

3 
0 

-7 -14 
-7 -11 
-2   -6 

-17  -27  -30 
-10  -17  -21 

2   -3   -5 

2 
0 

-6 

-6 -18 -25 
-1» -11» -19 
-3  -12  -16 

-lU -20 
-11 -17 
-10  -15 

-22  -314  -UI 
-15  -25  -31 
-9  -17  -22 

JAN  APR 

22 
13 

1 

27 
-18 

16 k -2 
12 2 -3 

6 -3 -7 

15 1 -6 
10 0 -6 

5 -<• -9 

-28 
-19 
-7 

29 
21 
10 

RETURN 
JUL     OCT        A50 A75  A8S 

17   15 
13   10 
7    7 

-9   -8 
-2   -U 
6    3 

-13  -9   -2 
-9  -5   -1 
2    3    6 

-I» -U 
-2 -1 
-6   -5 

22   16 
13   10 
-3   -1 

-7 

-5 

13 
7 

-2 

-21 
-11* 
-5 

20 

8 

-1 
0 

-2 

16 
1 1 

7 

17   U   11* 
iO 8   10 
2    I    2 

-27  -20  -16  -19 
-18  -13  -10  -12 
-8   -7   -6   -8 

-8 
-i» 

I* 

-20  -16  -19 
-13  -10  -12 
-7   -6   -8 

15 
10 
-2 

-13 -18 
-8 -12 
-3   -6 

l* 2 
3 2 
l*    2 

19 
13 
9 

-26  -17  -12  -17 
-19  -13   -9  -12 
-10   -7   -U   -T 

-21  -U  -12  -13 
-15  -10   -9   -9 
-7   -5   -6   -6 

10 
7 
5 

16 
10 
2 

-20 
-13 
-7 

-7 
-i» 

l* 

-20 
-13 
-7 

-5 
-2 
-5 

21 
15 
8 

I 
0 

-2 

-12 
-8 
-3 

6 
2 

-l* 

-32 
-22 
-15 

-18 
-12 
-3 

-32 
-22 
-15 

16 
•10 
12 

16 6 
10 2 
-2   -7 

•19 -31 
•13 -22 
-5  -13 

-8 
-7 
-6 

-3 
-l» 

-5 

-18 
-12 
-6 

0 
-2 
-7 

-38 
-27 
-19 

-21* 
-17 
-7 

-38 
-27 
-19 

-21 
-15 
-16 

0 
-1 
-9 

-37 
-26 
-17 

-11* 
-12 
-11 

0 -12  -18 
1 -9  -11* 
0   -9  -13 

9 3 
5 0 
0   -5 

-17  -30  -37 
-13  -23  -28 
-7  -15  -20 

-15  -27  -3» 
-10  -20  -26 
-6  -15  -20 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

16 
13 
12 

15 
13 
11 

19 
13 
9 

19 
13 
11 

18 
13 
10 

19 
13 
11 

!9 
13 
II 

18 
12 
8 

19 
13 
11 

20 
15 
11* 

20 
15 
Id 

20 
15 
li* 

20 
15 
tu 

20 
15 
U 

•HtADwlNDS—COMPUTED FO«« A  U50-KT AIRSPEED. 
••A—OENOltS ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

MINUS SIGNS DENOTE HEAOWINOS; 
THE BOEING COMPANY 
TRANSPORT DIVISION 

107 N.MI. 
15 9 II« 
13    9   12 
11 8   II 

158 N.MI. 
15    8   13 
12 8   11 
11 8   10 

171* N.MI. 
17 12   17 
12 10   12 
9    7    8 

377 N.MI. 
18 12   17 
13 10   13 
12   10   11 

395 N.MI. 
17 11   16 
12 9   12 
11 8   10 

377 N.MI. 
18 12   17 
13 10   13 
12 10   11 

270 N.MI. 
18   12   17 
13 10   12 
11    9   II 

330 N.MI. 
16 It    16 
11 9   II 
8    6    7 

379 N.MI. 
17 11   16 
13   10   13 
12 9   11 

151 N.MI. 
20 13 19 
16   12   15 
15 11   13 

202 N.MI. 
20   13   19 
16 12   15 
15   II   13 

IU7 N.MI. 
20   13   19 
15 12   15 
lU   11   13 

225 N.MI. 
20   13   19 
16 12   15 
15 10   13 

83 N.MI. 
20   13   20 
16 12   15 
15   11   13 

NO.  06-9176 
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EQUIVALENT  HEADWINDS   AND   STANDARD  DEVIATION   IN  KNOTS   FOR  GREAT   CIRCLE   AIR   ROUTES 

HEIGHT 
IN 

FEET 

EQUIVALENT        HEADWI   N   D   S» 

JAN     APR 
DIRECT 

JUL     OCT   ••A50 A75  A8S 

DETROIT TO FLINT 
15,000 -17  -11»  -10 -10 
»0,000 -12  -10   -8 -8 
5,000 -7   -6  -U -i» 

DETROIT TO GRAND RAPIDS 
15,000 -37  -2H  -19 -23 
10,000 -26  -18 -15 -17 
5,000 -15  -10   -8 -10 

DETROIT TO INDIANAPOLIS 
15,000 -27  -16  -12 -16 
10,000 -20  -12   -9 -12 
5,000 -10   -6   -5 -7 

DETROIT TO LAND 0 LAKES 
15,000 -29  -19  -17 -19 
10,000 -21  -II»  -13 -H» 
5,000 -12   -8   -7 -8 

DETROIT TO LANSING 
15,000 -31»  -23  -18 -21 
10,000 -25  -18  -11» -16 
5,000 -II»  -10   -8 -9 

DETROIT TO LOUISVILLE 
15,000 -19  -10   -7 -11 
10,000 -13   -7   -5 -8 
5,000 -7   -i»   -3 -i» 

DETROIT TO MILWAUKEE 
15,000 -37  -25  -20 -23 
10,000 -27  -19  -15 -18 
5,000 -15  -10   -8 -10 

DETROIT TO PHILADELPHIA 
15,000 38   27   18 21 
10,000 28   20   15 18 
5,000 !5   II    8 9 

DETROIT TO PITTSBURGH 
15,000 32   23   15 18 
10,000 23   17   13 15 
5,000 12   10    7 8 

DETROIT TO ROCHESTER, N.Y. 
15.000 38   23   19 23 
10,000 28        17        lit 18 
5,000 15        10          8 10 

DETROIT TO ST. LOUIS 
15,000 -33  -21  -IS -19 

e 10,000 -21»  -16  -11 -15 
5,000 -13   -8   -7 -9 

DE1ROIT TO TOLEDO 
15.000 -19  -10   -8 -12 
10.000 -13   -7   -5 -9 
5.000 -?   -3   -3 -5 

DETROIT TO WASHINGTON, D.C. 
15,000 33   21»   IS 17 
10.000 2ii        19        13 15 
5,000 11        10          1 8 

OOTHAN 10   MONTGOMERY 
15.000 -17     -16        -l» 
10,000 -11      -10           0 
5.000 -3        -3        -1 

•12     -25     -33 
-9     -20     -26 
-5     -II»     -19 

■25 -39 -l»6 
-19 -30 -36 
-10     -20     -25 

-17     -30     -38 
-13     -23     -29 
-7     -16     -21 

-20     -33     -U0 
-16     -25     -31 
-8      -17     -22 

-23 
-18 
-10 

25 
19 
10 

21 
17 

9 

21 
17 

9 

-37 -i»5 
-29 -35 
-19     -21» 

-11 -23 -30 
-8 -18 -23 
-l»     -13     -17 

-25 -39 -i»6 
-19 -30 -36 
-11      -20     -25 

12 
10 

2 

25        12 
19 9 
II 2 

-21      -31»     -l»l 
-16     -26     -32 
-9     -17     -22 

-12 -25 -32 
-8 -19 -25 
-5     -11»     -19 

9 3 
8 2 
1        -3 

-8        -10      -22      -29 
-5 -6     -16     -21 
-2 -2     -10     -U 

JAN     APR 
RETURN 

JUL      OCT        A50 A75  A8S 

II» 
10 
6 

35 
26 
11» 

21» 
18 
10 

33 
21» 
13 

36 
27 
U 

31 
23 
12 

9 
5 

23 
18 
9 

19 
11» 
8 

II»   11 
11    8 
6    5 

15    7 
II    6 
6    3 

21» 
18 
9 

19 
15 
8 

20 
15 
8 

15    7 
II    6 
6    3 

U 
1 I 
6 

15   15 
10   9 
2   3 

21 
17 
9 

11» 
II 
7 

26 18 17 17 
20 13 13 11» 
II    7    6    7 

22   17   20 
17   11»   16 
9    7    8 

22 
17 
10 

-39 -28 -18 -22 
-28 -21 -15 -18 
-15  -12   -9  -10 

-31» -21» -16 -19 
-21« -18 -13 -16 
-13  -10   -7   -8 

-39 -21» -19 -21» 
-28 -18 -15 -19 
-16  -10   -9  -II 

17 
1U 
8 

10 
7 
5 

-35  -26  -16  -19 
-25  -19  -U  -16 
-13  -11   -7   -8 

3    7 
0    5 
0    2 

10 
8 
I» 

24 
18 
10 

15 
12 
6 

19 
15 
8 

22 
17 
9 

20 
15 
8 

-2 
-2 
-5 

21»   12 
19    9 
10    1 

-9 
-8 
-10 

-3 
-U 
-7 

-9 
-8 
-9 

-26 -39 -U7 
-20 -31 -36 
-11  -19  -21» 

-22 -36 -i»l» 
-18 -28 -3U 
-9  -18  -23 

-26 -UO -U8 
-20 -30 -36 
-1!  -20  -25 

8    2 
6    1 
0   -l» 

-3 -10 
-3 -9 
-5  -10 

-23 -36 -l»i» 
-18 -28 -31» 
-10  -18  -23 

-I -7 
-3 -B 
-6  -10 

•Ht*OWlNOS--COMPUieO FOR A  U50-KT AIRSPEED. 
..A--OENOTES ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES 

MINUS SIGNS OENOIE HEADWINDS. 

STANDARD DEVIATION 

JAN APR JUL OCT 

"»7 N. .MI. 
22 21 11» 21 
17 18 13 16 
15 16 II 13 

HON. MI. 
21 21 |i» 20 
16 17 12 15 
15 15 11 13 

200 N. MI. 
20 21 13 20 
16 
15 

20 
15 
11« 

21 
16 
15 

20 
15 
IU 

21 
16 
15 

20 
16 
lU 

21 
16 
15 

21 
16 
U 

19 
15 
11« 

22 
17 
15 

20 
16 
11« 

18 
1U 
15 

17   12   15 
15 10   13 

31»l» N.MI. 
19 13   19 
16 12   15 
15 11   13 

61» N.MI. 
21   11»  20 
17 13   16 
16 11   13 

266 N.MI. 
20 IZ   19 
16 12   15 
lU   10   12 

206 N.MI. 
20   13   20 
17 12   15 
15 11   13 

393 N.MI. 
20 12   19 
16 II   II» 
II»   10   12 

176 N.MI. 
21 13   20 
17 12   15 
15   10   13 

256 N.MI. 
21 13 20 
17   12   15 
15 10   12 

382 N.MI. 
19   12   19 
16 11   |i» 
lU   10   12 

21 
17 
15 

•»I» N.MI. 
Il 21 
V2 16 
11   13 

352 N.MI. 
20 12 19 
16   11   iu 
14 9   12 

80 N.MI. 
18   10   17 
15 10   u 
15    9   12 

PAUfc sa THE BOEING COMPANY 
TRANSPORT DIVISION 

NO. 06-9176 
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EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E Q U I V A L E N T H E A D H I N D S» STANDARO 

JAN  APR 

DEVIATION 

IN 
FEET 

b I 
JAN  APR  JUL 

R £ C T 
OCT «»ASO A75 A85 JAN APR JUL 

TUft 
OCT 

N 
A50 A75 A85 JUL  OCT 

1 
EDMONTON TO GRAND PRAIRIE 
15,000  -23  -12  -10  -19 
10,000  -17  -10   -9  -IS 
5,000   -8   -2   -3   -8 

-16 
-12 
-5 

-2 7 
-21 
-13 

-33 
-25 
-17 

22 
16 
7 

12 
9 
1 

10 
8 
3 

18 
15 
7 

15 
12 

i» 

l» 

U 
-I» 

-1 
-1 
-8 

17 
It 
13 

16 
12 
12 

217 N.HI. 
It   15 
10   12 
10   12 

EDMONTON TO REGINA 
15.000   25   15 
10,000   19   11 
5,000   10    3 

14 
11 
3 

20 
16 
9 

18 
lit 
6 

8 
6 

-2 

3 
2 

-6 

-26 
-20 
-11 

-IS 
-11 
-3 

-15 
-11 
-I» 

-21 
-17 
-9 

-19 
-It 
-7 

-29 
-22 
-15 

-35 
-27 
-20 

16 
12 
13 

IS 
II 
12 

372 N.MI. 
13   15 
10 II 
11 12 

EDMONTON TO SASKATOON 
15,000   25   15   15 
10,000   19   11   10 
5,000   11    3    1» 

20 
16 
10 

18 
lit 
7 

8 
6 

-2 

3 
2 

-6 

-26 
-19 
-12 

-16 
-11 
-i» 

-15 
-11 
-U 

-21 
-16 
-10 

-19 
-It 
-7 

-29 
-22 
-16 

-35 
-27 
-21 

16 
13 
It 

15 
12 
12 

260 N.MI. 
13   15 
10 12 
11 13 

ELKO TO ELY 
15,000   12    8 
10,000    8    5 
5,000   -5   -U 

1 
-1 
-1 

6 
It 

-U 

6 
3 

-3 

-5 
-5 
-8 

-11 
-9 

-11 

-It 
-8 

it 

-9 
-5 

It 

-2 
0 
1 

-7 
-it 

It 

-7 
-l» 

3 

-19 
-13 
-2 

-26 
-17 
-5 

21 
It 
9 

18 
13 
8 

102 N.MI. 
12   18 
10   12 
6    8 

ELKO TO RENO 
15,000  -20  -1U 
10,000  -13   -9 
5,000   -U   -U 

-11» 
-8 
0 

-13 
-9 
-5 

-15 
-9 
-3 

-26 
-18 
-9 

-33 
-23 
-12 

18 
12 
t 

13 
8 
U 

lit 
8 
0 

12 
8 
It 

li» 
9 
3 

3 
1 

-3 

-t 
-t 
-5 

21 
15 
10 

18 
13 
8 

199 N.MI. 
12   18 
9   13 
6    8 

ELMIRA 
15,000 
10,000 
5,000 

TO ROCHESTER, N 
-20  -17  -12 
-16  -13  -10 
-9   -8   -6 

• Y. 
-1 1 
-10 
-5 

-15 
-12 
-7 

-28 
-23 
-16 

-36 
-29 
-21 

16 
lit 
8 

15 
12 
7 

11 
10 
6 

9 
9 
It 

12 
11 
6 

0 
0 

-3 

-7 
-5 
-8 

22 
17 
15 

22 
18 
15 

67 N.MI. 
It   21 
12   16 
11   13 

ELHiRA 
15,000 
10,000 
5,000 

TO WILLIAMSPORT 
-5    1    0 
-2    2    1 
-1    1    1 

-5 
-2 
-1 

-2 
0 
0 

-15 
-10 
-9 

-22 
-16 
-1U 

1 
-1 
-1 

-it 

-3 
-2 

-1 
-2 
-1 

3 
0 
0 

-1 
-2 
-1 

-13 
-12 
-10 

-21 
-18 
-15 

22 
17 
15 

22 
18 
15 

55 N.Hi- 
lt   21 
12   16 
II   13 

EL PASO TO MIOLAND 
15,000   27   23 
10,000   17   lU 
5,000    "♦    3 

3 
3 
1 

10 
6 

-1 
9 
1 

3 
1 

-5 

-2 
-3 
-9 

-28 
-18 
-it 

-23 
-1U 
-3 

-U 
-3 
-1 

-11 
-7 

1 

-15 
-10 
-2 

-28 
-19 
-8 

-35 
-2t 
-12 

18 
13 
11 

16 
12 
1 1 

2^3 N.MI. 
10   15 
9   It 
7   10 

EL PASO TO PHOENIX 
15,000  -2U  -19 
10,000 -\h      -11 
5,000    2    2 

-2 
-2 
3 

-9 
-5 
5 

-12 
-7 
3 

-21» 
-15 
-2 

-32 
-20 
-5 

2 3 
lit 
-2 

19 
11 
-2 

1 
1 

-3 

9 
1» 

-S 

11 
7 

-3 

1 
-1 
-8 

-t 
-t 

-11 

18 
13 
8 

15 
1 1 
8 

301 N.HI. 
10   It 
8   10 
5    8 

EL PASO TO ROSWELL 
15,000   19   16 
10,000   12   10 
5.000    6    6 

7 
5 
6 

8 
6 
2 

11 
8 
5 

2 
0 

-1 

-U 
-It 

-5 

-20 
-13 

-1 

-17 
-11 
-6 

-7 
-5 
-6 

-8 
-5 
-2 

-12 
-8 
-5 

-23 
-17 
-12 

-30 
-21 
-15 

18 
It 
11 

16 
12 
10 

lit N.HI. 
10   15 
9   i 1 
7   10 

EL PASO TO TUCSON 
15,000  -25  -21 
10,000  -15  -12 
S.OOO    1    o 

-2 
-2 

1 

-10 
-5 
5 

-13 
-8 
2 

-26 
-16 
-3 

-33 
-2 1 
-6 

2h 
It 
-1 

21 
12 
— 1 

2 
2 

-2 

9 
5 

-5 

13 
8 

-2 

2 
0 

-7 

-3 
-t 

-10 

18 
13 
9 

15 
11 
9 

233 N.MI. 
10   It 
8   11 
5    8 

ELY TO 
15,000 
10,000 
5,000 

SALT LAKE CITY 
15   12   13 
9    7    8 
1    5    0 

10 
7 
2 

13 
8 
1 

2 
0 

-3 

-it 

-It 

-6 

-16 
-10 
-1 

-13 
-8 
-5 

-lit 
-8 
0 

-11 
-8 
-2 

-U 
-3 
-2 

-21» 
-16 
-6 

-31 
-20 
-9 

20 
13 
B 

17 
12 
8 

160 N.MI. 
12   17 
10   1 1 
6    7 

EU&fcNE 
15,000 
10.000 
5.000 

TO MEDFORD 
6    2 
2    0 

-i        -2 

1 
0 
it 

1 
0 

-i 

2 
1 

-1 

-10 
-9 
-8 

-17 
-Hi 
-12 

-8 
-It 

3 

-3 
-1 

2 

-2 
0 

-it 

-5 
-1 
j 

-I» 
-1 
0 

-16 
-1 1 
-7 

-23 
-16 
-10 

22 
17 
13 

20 
15 
10 

106 N.MI. 
13   20 
11   It 
8   10 

EUGENE 
15,000 
10.000 
5.000 

TO SALEM 
0     5 
u    it 
6    3 

! 
2 

-1 

it 

s 

i 
I 
2 

-10 
-6 
-5 

-17 
-12 
-9 

-3 
-5 
-6 

-5 
-5 
-i» 

-U 
-3 
3 

-6 
-U 
-5 -2 

-17 
-It 
-10 

-2t 
-19 
-15 

23 
17 
.13 

21 
15 
11 

tB N.MI. 
It   20 
11   15 
8   11 

•HEAOnINDS—COMPUTED FOR A  t50-KT AIRSPEED. 
>>A—DENOTES ANNUAL E&UIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 
HINUS SIGNS DENOIE HEADWINDS. 

THE BOEING COMPANY 
TRANSPORT DIVISION 

NO.  D6-9 176 
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EQUIVALENT HEADMINOS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR   ROUTES 

E   Q  U   I   V  A  LENT 
DIRECT 

JAN  APR  JUL  OCT ••A50  A75  A85 

EVANSVILLE TO INDIANAPOLIS 
15,000   19 11    7    9 
10,000   It 9    6    8 
5,000    7 5    I»    u 

EVANSVILLE TO LOUISVILLE 
15,000   39   26   U   20 
10,000   28   20   11   15 
5,000   15   U    7    8 

EVANSVILLE TO NASHVILLE 
15,000    /    8    l» 6 
10,000    6    6    3 1» 
5,000    3    3    2 2 

EVANSVILLE TO OWENSBORO 
15,000   23   18    9 II« 
10,000   18   )U    7 10 
5,000    9    7    l» 5 

EVANSVILLE TO PADUCAH 
15,000  -31  -19   -9 -|l» 
10,000  -22  -11»   -8 -11 
5,000  -11   -8   -5 -6 

EVANSVILLE TO ST. LOUIS 
15,000  -37  -25 -li»  -21 
10,000  -27  -19 -11  -15 
5,000  -lit  -10 -6   -8 

FARGO TO GRAND FORKS 
15,000  -13  -10   -6 -10 
10,000  -11   -8   -6 -8 
5,000   -7   -i»   -1 -6 

FARGO TO JAMESTOWN 
15,000  -28  -18  -21 -21» 
10,000  -21  -12  -15 -!6 
5,000  -11   -5   -6 -10 

FARGO TO MINNEAPOLIS 
15,000   25   17   17 20 
10,000   20   13   13 15 
5,000   12    6    5 9 

FARGO TO WINNIPEG 
15,000  -II   -8 -I» -9 
10,000   -9   -7 -U -7 
5,000   -5   -3 -1 -5 

FLINT TO GRAND RAPIDS 
15,000  -38  -21»  -20 -21» 
10,000  -27  -18  -15 -18 
5,000  -15  -10   -9 -11 

FLINT TO SAGINAW 
15,000  -18  -11» -11 -n 
10,000  -13  -10 -6 -9 
5,000   -7   -6 -i, -it 

HORENCE 10   RALEIGH 
15,000 19         11 w |0 
10,000 I I           8 I» 7 
5,000 6           W 2 2 

FT.   LAUOERDALE    TO MUNI 
15,000        -H -I»        -3 -5 
10,000        -i»        -3        -3 -5 
5,000        -3        -5 -H -3 

II 
9 
5 

23 
18 
10 

-I 
-I 
-I» 

!0 
8 
I 

-7 
-6 
-8 

l» 

2 
-l» 

-5     -12 
-5     -10 
-6     -II 

15 3 
12 2 

6        -3 

-3 
-U 
-7 

17     -31     -39 
•13     -21»     -30 
-7     -16     -21 

23     -37     -i»5 
-17     -28     -31» 
-9     -18     -21» 

-9 -21 -28 
-8 -18 -23 
-U     -11»     -19 

-22     -31»     -l»l 
-16     -26     -31 
-8     -17     -23 

20 8 
15 6 
8        -1 

-8 -19 -25 
-7 -16 -21 
-3     -12     -17 

-25 -itO -l»7 
-19 -30 -36 
-II      -20     -25 

-13     -26     -33 
-10     -20     -26 
-5     -m     -20 

10 -I 
7 -2 
3        -5 

-7 
-7 
-9 

-•»      -12     -16 
-%      -II      -II» 
-I»      -10     -11» 

HEAD   WINDS» 

JAN     APR 
RETURN 

JUL     OCT       A50 A75  A85 

-23  -13 
-16  -10 
-8  -6 

-ItO -27 
-29 -20 
-15  -11 

-II 
-8 
-1» 

-26 
-19 
-10 

28 
20 
11 

35 
26 
1U 

10 
10 
6 

27 
20 
1 I 

-27 
-21 
-12 

37 
27 
15 

11» 

11 
6 

-23 
-13 
-7 

-11 
-8 
-3 

-20 
-15 
-8 

18 
13 
8 

19 
10 

17 
II 
I» 

■18 
-13 
-6 

23 
17 
9 

12 
9 
5 

-II» 
-10 
-5 

-8 
-6 
-l» 

Ik 
12 
-7 

-3 
-2 

-10 
-8 
-i» 

13 
10 
6 

20 
U 
6 

18 
■13 
-5 

19 
15 
8 

-11 
-9 
-5 

-21 
-16 
-8 

-7 
-5 
-3 

-15 
-II 
-6 

13 
10 
5 

20 
li« 

8 

23 
16 

-22 
-15 
-10 

23 
IB 
10 

11 
-8 
-2 

-13  -26 -33 
-10  -20  -26 
-5  -11»  -19 

-21» -39 -l»7 
•18 -30 -35 
-10  -19  -21» 

-8 -20 -27 
-6 -15 -21 
-3  -11  -16 

-17  -30  -38 
"13 -23 -29 
-7  -16  -21 

16 
12 
7 

22 
17 
9 

i* 

2 
-2 

-3 
-3 
-6 

3 
1 

-l» 

8 -U -10 
7 -2 -7 
k -6  -II 

22   10 
15    6 
7   -2 

-21  -33  -39 
-16  -25  -31 
-8  -18  -23 

6 -5 -II 
6 -3 -8 
3   -6  -II 

25   12 
19    8 
10    1 

5 
3 

-i» 

n  -2  -9 
9   -2   -7 
5   -5  -10 

-12 -25 -32 
-8 -18 -23 
-H  -12  -16 

-u 
-3 
-i 

-9 
-7 
-7 

•HEADWINDS —COMPUTED FOR A  1.50-KT AIRSPEED- 
..»--DENOTfcS ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELI AßILI 1 IF^ 
MINUS SIGNS DENOTE HEADWINDS. KtL1*8ILI IIES. 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

117 N .MI. 
20 21 12 20 
15 16 12 15 
15 15 10 13 

85 N. MI. 
20 20 12 20 
15 16 12 15 
15 15 10 13 

122 N. MI. 
20 20 12 19 
15 16 11 15 
15 11« 10 13 

25 N. MI. 
21 21 12 20 
16 17 12 15 
15 15 10 13 

20 
15 
15 

20 
15 
15 

19 
1U 
11» 

19 
11» 
11» 

19 
11« 
II» 

18 
li« 

III 

21 
16 
15 

22 
17 
15 

19 
15 
lU 

15 
12 
11 

PAGE SH THE BOEING COMPANY 
TRANSPORT DIVISION 

83 N.MI. 
20 12 20 
16   11   15 
15 10   13 

ItO N.MI. 
20   12   19 
16 12   15 
15   10   13 

62 N.MI. 
19 11« 18 
15 12 15 
15   12   15 

76 N.MI. 
19 |1» 18 
15   12   15 
14 12   15 

191» N.MI. 
19   13   18 
15 12   11, 
N   12   li« 

18 
1U 
II« 

21 
17 
16 

21 
18 
16 

180 N.MI. 
U 18 
12   11« 
12 11» 

81« N.MI. 
U   20 
13 16 
11   13 

37 N.MI. 
M* 21 
13 16 
11   13 

111 N.MI. 
" 11 19 
1<> 10 15 
"3    9   13 

li« 

1 1 
10 

IT N.MI. 
8   12 
r      lo 
T        10 

NO.  1)6-9 1//, 



I 
I 
I 
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EOUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

■' 

I J 

0 

HEIGHT 
IN 

FEET 

E QUIVALENT   HEADWINDS« 

JAN     APR 
DIRECT 

JUL      OCT   »«ASO A75  A85 

FT. LAUDERDALE TO WEST PALM BEACH 
15,000   -I   -1 U 3 2 
10,000    2    1 U U 3 
5,000    5    5 U i» U 

FT. MEYERS TO 
15,000  -13  - 
10,000   -5 
5,000    6 

SARASOTA 
13    3 
-6    U 
2    It 

-5 
-1 
4 

FT, MEYERS TO WEST PALM BEACH 
15,000   18   17   -I    7 9 
10,000    9   10   -1    3 5 
5,000   -2    3-1-1 0 

FT. NELSON TO 
15,000    9 
10,000    7 
5,000   -2 

FT. 
3 
2 

-2 

ST. JOHN 
i»    6 

-I     I 

5 
U 

-I 

FT. ST. JOHN TO GRAND PRAIRIE 
15,000 17    8    6   1U II 
10,000 13    7    6   12 9 
5,000 3-115 2 

FT, ST. JOHN TO PRINCE GEORGE 
15,000 -7   -7   -k     -II -7 
10,000 -6   -6   -3   -9 -6 
5,000 -9   -6   -3   -8 -6 

FT, SMITH TO LITTLE ROCK 
15,000   31 2U    7   15 
10,000   22 16    5   II 
5,000   !0 8    6    5 

FT. SMITH TO TEXARKANA 
15,000    0 3    13 
10,000    0 1-11 
5,000   -2 -2   -3   -1 

FT. SMITH TO TULSA 
15,000  -28 -22   -7  -15 
10,000  -IV -It   -5  -10 
5,000   -Ö -b        -4   -U 

FT. WAYNE TO INDIANAPOLIS 
15,000  -2i» -U  -10  -13 
10,000  -17 -11   -7  -10 
5,000   -9 -5   -k        -6 

FT. WAYNE 10 SOUTH BEND 
15.000  -31 -22  -15  -19 
10,000  -23 -17  -12  -U 
5,000  -12 -9   -6   -8 

FT. WAYNE TO 
15,000   33 
10,000   2H 
5,000   13 

Ft. WILLIAM 
15,000   28 
10,000   21 
5,000   12 

TOLEDO 
20   15 
15   1 i 
8   r 

20 

9 

18 
13 
7 

16 
12 
-5 

-IM 
-1 1 
-6 

-21 
-16 
-8 

21 
16 
9 

TO SAULT STE. MARIE 
18   21   20    21 
1?   15   16    16 

7 8 10 9 

-16 
-9 
-3 

FT.   WILLIAM    TO   WINNIPEG 
15,000      -28     -IB     -21      -22 -22 
10,000      -21      -".2      -16      -17 -17 
5,000      -11         -S        -7      -II -9 

-5 
-U 
-9 

■18 
■1U 
■in 

6 
3 

-2 

-9 
-9 

-10 

-30 
-21 
-U 

-28 
-21 
-15 

-35 
-27 
-18 

-ii 
-26 
-18 

■1 I 
-8 
-6 

-22 
-lU 
-7 

-5 
-7 

-10 

-10 
-8 
13 

-5 
-3 

■10 

-214 
-19 
-19 

0 
-2 
-6 

■15 
13 
15 

- J8 
-27 
-19 

■55 
-27 
-20 

-H2 
-53 
-25 

5 
1 

-5 

-HO 
-51 
-25 

JAN      APR 
RETURN 

JUL     OCT       A50 A75     A85 

12 
I» 

-6 

•19 
■10 

1 

-I 1 
-8 

I 

-17 
-13 
-3 

-33 
-23 
-10 

-3 
-2 

I 

26 
18 

7 

20 
15 

8 

29 
21 
1 1 

-55 
-25 
-13 

-29 
-22 
-12 

2 7 
21 
10 

0 
-1 
-5 

12 
5 

-2 

■18 
-10 
-3 

-9 
-7 

1 

-25 
-17 
-8 

-5 
-2 

2 

20 
15 

5 

12 
9 
5 

20 
16 

8 

-22 
-16 
-8 

19 
15 
-7 

17 
12 

-I» 
-I» 
-5 

-3 
-U 

-u 
-I* 

1 

-7 
-7 
-2 

-7 
-6 
-6 

1» 
12 

6 

-16 
-12 
-7 

-21 
-15 

-a 

-u 

-7 
-U 

1 

-7 
-5 
-1 

-II» 
-12 
-5 

-16 
-11 
-5 

21 
15 

r 

9 
il 

11 
9 
5 

18 
13 

7 

-21 
-16 
-9 

-21 
-16 
-10 

21 
17 
I 1 

-2 
-3 
-5 

It 
1 

-U 

-9 
-5 

0 

-6 
-5 

1 

-12 
-10 
-2 

-19 
-13 
-7 

-3 
-1 

2 

15 
II 

5 

12 
10 

5 

19 
15 

8 

-22 
■17 
-9 

■22 
-17 
-9 

22 
16 

8 

•10 
•10 
II 

-5 
-7 

-II 

-21 
-13 
-7 

-16 
-13 
-7 

-23 
-18 
-10 

-5 
-3 
-2 

■33 
-2U 
-16 

•11» 
•10 
-7 

1 
-I» 

7 
5 

-1 

-57 
-28 
-18 

-514 

-27 
-IV 

10 
? 

- 1 

•II» 
•II» 
•15 

-9 
-II 
-11» 

-27 
-18 
-10 

-22 
-17 
-II 

-29 
-23 
-15 

-I I 
-8 
-6 

-30 
-2 1 

-20 
-15 
-12 

-2 
-3 
-8 

-MW 
-SU 
-2i» 

-Ul 
-52 
-2i« 

u 
2 

-6 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

15 
13 
11 

15 
13 
11 

15 
12 
II 

17 

13 

17 
|i» 

13 

18 
15 
13 

20 
15 
11» 

19 
11» 
|1» 

20 
15 
1U 

21 
16 
15 

21 
16 
15 

21 
16 
15 

19 
15 
111 

18 
I 5 
1U 

• Ht4DWlN0S--C0MPUrED FOR 4  1|50-KT AIRSPEED. 
..A--OENOTES ANNUAL EÜUlVALENT HEADWINDS FO« INDICATED PER CENT RELIABILITIES. 
MINUS SIGNS DENOIE HEADWINDS» 

THE BOEING COMPANY 
TRANSPORT DIVISION 

37 N.MI. 
II» a 12 
12 8 11 
10    7   10 

II» 
12 
II 

IU 
12 
10 

15 
II 
II 

16 
12 
12 

16 
12 
12 

19 
15 
15 

61 N. 
8 
8 
8 

Ml. 
13 
I I 
10 

95 N.MI. 
8 12 
8 11 
7   10 

167 N.MI. 
13 15 
10 12 
10   13 

39 N.MI. 
II» 16 
10 12 
10   13 

156 N. 
IH 
10 
10 

MI. 
16 
13 
12 

111 N.MI. 
19 II 18 
15 10 IU 
15   10   12 

111» N.MI. 
18 II 18 
II» 10 II» 
|l»   10   12 

90 N.MI. 
II 18 
II IU 
10   13 

90 N, 
21   13 
17   12 
15   10 

21 
17 
15 

21 
1 7 
15 

19 
16 
15 

1 t 
IU 
lu 

66 N 
15 
12 
It 

73 N. 
15 
12 
10 

227 N. 
IU 
1 5 
12 

MI. 
20 
15 
I 5 

MI. 
20 
15 
1 5 

.MI. 
20 
15 
15 

MI , 
19 
15 
lu 

522 N.MI. 
13 17 
12 IU 
12   IU 

NO-  D6-9I76 
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EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E Q U I V A L E N T H E A D W I N 0 s» STANDARO 

JAN  APR 

DEVIATION 
IN 

FEET JAN 
0 I 

APR  JUL 
R E 
OCT 

C T 
• •A50 A75 A85 JAN APR 

R E 
JUL 

T U R 
OCT 

N 
A50 A75 A65 JUL  OCT 

FT. WORTH TO 
15,000    8 
10.000    4 
5,000   -1 

HOUSTON 
8    0 
3   -2 

-3  -5 

5 
3 

-1 

U 
2 

-3 

-5 
-6 

-10 

-10 
-11 
-1U 

-10 
-5 
0 

-10 
-* 
2 

0 
2 
5 

-6 
-3 

1 

-6 
-2 
2 

-16 
-11 
-6 

-22 
-15 
-10 

17 
13 
13 

16 
13 
13 

212 N.MI. 
10   16 
10   12 
9   12 

FT. WORTH TO 
15,000   31 
10,000   22 
5,000   11 

LITTLE ROCK 
23    6   13 
16    6    9 
9    8    5 

16 
12 
8 

5 
3 
0 

-1 
-1 
-1» 

-32 
-22 
-11 

-21* 
-16 
-10 

-6 
-6 
-8 

-13 
-9 
-5 

-17 
-13 
-8 

-31 
-23 
-16 

-39 
-28 
-21 

18 
11* 
13 

17 
11» 
13 

266 N.MI. 
10   17 
10   13 
9   12 

FT. WORTH TO 
15,000   25 
10,000   17 
5,000    7 

NEW ORLEANS 
21    4   11 
12    1    7 
U    1    3 

II* 
9 
3 

3 
0 

-1» 

-2 
-U 
-8 

-27 
-17 
-7 

-22 
-13 
-5 

-l* 

-2 
-1 

-12 
-7 
-3 

-15 
-9 
-i» 

-27 
-19 
-12 

-31* 
-21* 
-16 

16 
13 
13 

16 
13 
12 

387 N.MI. 
10   15 
9   12 
8   11 

FT. WORTH TO 
15,000   -5 
10,000   -3 
5,000    1 

OKLAHOMA CITY 
-5    0   -5 
-1    1   -2 
3    5    1 

-3 
-1 
3 

~lk 
-10 
-6 

-20 
-I* 
-10 

2 
1 

-2 

3 
0 

-3 

0 
-1 
-6 

i* 

I 
-2 

2 
0 

-3 

-8 
-8 

-12 

-lU 
-13 
-16 

19 
11* 
11* 

18 
m 
ii* 

157 N.MI. 
11   17 
10   13 
10   12 

FT. WORTH TO 
15,000   31 
10,000   21 
5,000    9 

SHREVEPORT 
2k          5 
15    U 
7    i* 

13 
9 
U 

17 
n 
6 

5 
2 

-2 

-1 
-2 
-7 

-32 
-21 
-10 

-25 
-16 
-7 

-6 
-i* 

-l* 

-11* 
-9 
-l* 

-17 
-12 
-6 

-31 
-22 
-1«* 

-39 
-27 
-19 

18 
II* 
11» 

17 
It* 
13 

165 N.MI. 
11    16 
10   13 
9   12 

FT. WORTH TO 
15,000   -9 
10,000   -7 
5,000   -6 

WACO 
-6   -3 
-6   -1» 
-7   -9 

-1 
-2 

-5 
-l» 

-6 

-15 
-13 
-11» 

-21 
-18 
-19 

6 
6 
5 

l* 

5 
6 

3 
3 
e 

0 
1 
3 

3 
It 

6 

-7 
-5 
-2 

-13 
-9 
-7 

18 
|l* 
11* 

17 
11* 
13 

71* N.MI. 
11   16 
10   13 
9   12 

FT. WORTH TO 
15,000  -22 
10,000  -lU 
5,000   -4 

WICHITA FALLS 
-18   -3  -11 
-10   -2   -7 
-2    1-1 

-12 
-8 
-1 

-25 
-17 
-10 

-32 
-22 
-15 

20 
13 

i« 

17 
9 
2 

3 
2 

-1 

10 
6 
1 

11 
7 
1 

0 
-2 
-7 

-5 
-6 

-12 

19 
11* 
11* 

17 
m 
lU 

100 N.MI. 
11   17 
10   13 
10   12 

FREOERICTON TO MONTREAL 
15,000  -35  -23  -23 
10,000  -27  -16  -17 
5,000  -15  -10  -12 

-2 7 
-20 
-12 

-27 
-19 
-12 

-1*0 
-30 
-2 1 

-l»7 
-36 
-26 

31* 
26 
lit 

22 
15 
9 

22 
16 
12 

26 
19 
12 

26 
19 
12 

13 
9 
3 

6 
3 

-2 

21 
17 
15 

21 
17 
15 

303 N.MI. 
15   20 
12   15 
11   13 

FREOERICTON TO QUEBEC 
15,000  -31  -21  -23 
10,000  -25  -15  -17 
5,000  -15   -9  -12 

-25 
-19 
-12 

-25 
-19 
-12 

-38 
-30 
-2 1 

-1*6 
-35 
-26 

30 
21* 
li» 

20 
II* 
9 

22 
16 
1 1 

23 
19 
12 

21« 
18 
12 

10 
8 
2 

3 
2 

-3 

22 
18 
16 

21 
16 
15 

209 N.MI. 
IS   21 
12   16 
12   13 

FREOERICTON TO ST. JOHN 
15,000   16   12   IH 
10,000   15   10   12 
5,000   10    7    7 

12 
12 
8 

lit 
12 
8 

0 
1 

-2 

-8 
-5 
-7 

-19 
-17 
-11 

-l«t 
-11 
-7 

-15 
-13 
-8 

-15 
-13 
-8 

-16 
-11* 
-8 

-30 
-25 
-18 

-37 
-31 
-23 

21* 
19 
16 

23 
18 
16 

U3 N.MI. 
16   22 
13   17 
12   li* 

FRESNO TO LOS 
15,000   12 
10,000    9 
5,000    1« 

ANGELES 
a   0 
8   -2 
U    2 

3 
2 

5 
3 
3 

-6 
-5 
-3 

-12 
-9 
-6 

-11* 
-10 
-U 

-10 
-9 
-l* 

0 
1 

-2 

-I» 

-2 
-i» 

-6 
-i* 

-3 

-18 
-13 
-9 

-25 
-19 
-13 

21 
15 
10 

18 
11* 
9 

182 N.MI. 
11   16 
9   12 
7    9 

FRESNO TO MERCED 
15,000  -21  -)6   -6 
10,000  -13  -11   -2 
5,000   -5   -5   -i* 

-9 
-6 
-t 

/ 

-10 
-r 

-12 
-7 
-5 

-2* 
-17 
-1 1 

-32 
-23 
-11* 

19 
13 
5 

15 
10 
S 

6 
2 
l* 

8 
S 
i» 

11 
7 
>» 

-I 
-2 
-2 

-7 
-7 
-5 

22 
16 
11 

19 
15 
10 

1*9 N.MI. 
12   18 
9   13 
7    9 

FRESNO TO OAKLAND 
15,000  -22  -17   -8 
10,000  -IM  -11   -U 
5,000   -6   -5   -U 

-13 
-8 
-5 

-26 
-18 
-11 

-33 
-23 
-1U 

21 
Id 
5 

16 
11 
5 

8 
U 

I» 

9 
7 
U 

13 
8 
5 

1 
-1 
-1 

-5 
-5 
-5 

22 
16 
11 

19 
15 
10 

132 N.MI. 
12   17 
9   13 
7    9 

FRESNO 
15.000 
10,000 
5,000 

TO SAN FRANCISCO 
-22  -17   -9 
-H,  -I]   _u 
-6   -5   -U 

-to 
-r 

-11» 
-8 
-5 

-26 
-18 
-1 1 

-33 
-23 
-11* 

21 
lU 
5 

16 
11 
5 

8 
l» 

U 

10 
7 
i» 

1} 
8 
5 

2 
-1 
-1 

-I* 

-5 
-5 

22 
16 
11 

19 
15 
10 

138 N.MI. 
12   17 
9   13 
7    9 

«HEADWINDS — COMPUIEO FOR A  U50-KT AIRSPEED. 
•.A--DENOTeS ANNUAL EOUlVALENI HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

HINUS SIGNS DENOTE HEADWINDS. 
THE BOEING COMPANY 

PAGE   56 TRANSPORT DIVISION 
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EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

I 
m 

I 
I 

I 
I 

I 
i 
I 
I 
I 
I 

I 
I 

HEIGHT E 0 J I V A L £ N T H E A D W I N D $• STANDARD DEVIATION 
IN 0 I R £ C T R E T U R N 

FEET JAN APR  JUL  OCT • • A50 A75 A85 JAN APR JUL OCT ASO A75 A8S JAN APR JUL  OCT 

FRESNO TO VISALIA 31 N.MI. 
15,000   15 11    2    5 7 -U -10 -17 -12 -2 -6 -8 -21 -28 22 1» 12   18 
10,000   10 9-1    3 5 -it -9 -11 -9 0 -l» -5 -15 -20 16 15 9   13 
5.000   i« 1»    3    U U -2 -6 -1» -1» -3 -U -4 -10 -13 11 10 7    9 

GAINESVILLE TO JACKSONVILLE 54 N.MI. 
15,000   16 111   1»    8 10 0 -5 -20 -15 -U -9 -11 -22 -29 17 17 9   15 
10,000   14 10   U    5 8 -1 -5 -15 -10 -U -6 -8 -17 -22 14 14 9   13 
5,000    8 7    1»    3 5 -2 -6 -9 -7 -u -4 -6 -13 -17 12 12 9   11 

GAINESVILLE TO OCALA 32 N.MI. 
15,000    3 U   -2    0 1 -8 -13 -6 -6 2 -1 -2 -12 -17 17 16 9   IS 
10,000    0 2   -3   -1 -1 -9 -13 -1 -3 3 1 0 -8 -13 14 14 9   13 
5,000   -5 -3   -3   -2 -3 -10 -11» 5 2 3 2 3 -4 -8 12 12 8   11 

GANDER TO ST . JOHNS 86 N.MI. 
15,000    3 -17    6 U -11 -19 -6 -1 -8 -8 -6 -20 -28 25 23 17   22 
10,000    i« 0    H    7 l» -a -15 -6 -1 -5 -9 -5 -17 -24 20 19 15   18 
5,000    5 0    3    5 3 -7 -13 -6 -1 -3 -6 -4 -15 -20 18 17 14   14 

GANDER TO STEPHENVILLE 199 N.MI. 
15,000  -32 -17  -22  -28 -25 -39 -U7 31 16 22 26 23 9 2 23 22 16   21 
10,000  -21« -13  -17  -21 -19 -30 -37 23 12 17 20 18 6 0 19 18 14   18 
5,000  -11» -6  -12  -15 -12 -22 -28 IM 6 12 14 11 1 -5 18 16 14   13 

GRAND FORKS TO WINNIPEG 1 18 N.MI. 
15,000  -10 -7   -3   -8 -7 -18 -25 7 6 2 6 5 -6 -12 18 18 14   18 
10,000   -9 -6   -'»   -6 -6 -15 -20 7 5 3 5 5 -4 -9 14 14 12   14 
5,000   -5 -2    0   -U -3 -12 -17 i» 2 0 3 2 -7 -12 14 14 12   14 

GRAND JUNCTION TO LAS VEGAS 363 N.MI. 
15,000  -18 -15  -13  -10 -11» -21« -30 17 1U 13 10 13 3 -2 19 16 11   IS 
10,000  -10 -8   -7   -7 -8 -15 -19 9 8 7 7 8 1 -3 13 10 9   10 
5,000   -2 -3  -1    2 -1 -5 -8 2 3 1 -2 I -4 -6 7 7 5    7 

GRAND RAPIDS TO LAND 0 LAKES 247 N.MI. 
15,000  -25 -17  -16  -17 -18 -31 -38 22 15 15 15 17 5 -2 20 20 13   19 
10,000  -18 -12  -12  -13 -U -21» -29 17 11 11 12 13 3 -3 15 16 12   15 
5,000  -10 -7   -6   -7 -7 -16 -2 1 9 7 5 6 7 -2 -7 14 15 11   13 

GRAND RAPIDS TO LANSING 46 N.MI. 
15,000   37 21«   20   23 25 12 5 -38 -25 -20 -24 -26 -40 -47 21 21 14   21 
10,000   27 18   15   18 19 8 3 -27 -18 -15 -18 -19 -30 -36 16 17 13   16 
5.000   15 9    8   10 10 1 -U -15 -10 -8 -11 -n -20 -25 15 16 11   13 

GRAND RAPIDS TO MILWAUKEE 98 N.MI. 
15,000  -37 -21«  -20  -23 -25 -39 -U6 36 23 19 22 24 12 5 21 21 14   20 
10,000  -27 -18  -15  -18 -19 -30 -36 26 17 15 17 19 8 3 16 17 13   15 
5,000  -15 -9   -8-11 -11 -20 -25 U 9 8 10 10 1 -4 15 16 11   13 

GRAND RAPIDS TO MUSKEGON 30 N.MI. 
15,000  -32 -22  -18  -21 -22 -36 -l»l» 30 21 17 19 21 8 2 21 21 14   21 
10,000  -2i« -16  -lU  -16 -17 -28 -3i« 23 15 13 15 16 6 0 16 17 13   16 
5,000  -13 _9   _7   -9 -9 -19 -21« 12 8 7 8 9 0 -5 15 16 II   14 

GRAND RAPIDS TO SAGINAW 79 N.MI. 
15,000   30 18   16   19 20 a 1 -32 -20 -17 -20 -22 -35 -43 21 21 14   20 
10,000   22 11»   12   15 15 5 -1 -23 -15 -12 -16 -16 -27 -33 16 17 13   16 
5,000   12 7    7    9 9 0 -5 -13 -7 -7 -10 -9 -19 -24 15 «<> 11   13 

GREAT FALLS TO HELENA 59 N.MI. 
15,000   -U -5   -9   -6 -6 -17 -23 2 l« 9 i« 5 -6 -13 18 17 14   17 
10,000   -U -3   -5   -U -1. -12 -16 2 5 U i 3 -5 -9 13 12 10   12 
5,000 -n -H   -2   -5 -5 -13 -17 1 1 3 2 5 5 -3 -7 12 11 10   II 

GREAT FALLS TO MISSOULA 116 N.MI. 
15,000  -23 -15  -17  -19 -18 -29 -36 21 Id 16 18 17 6 0 18 17 14   17 
10.000  -17 -11   -9  -1* -12 -21 -25 1? 10 9 13 12 4 0 15 1? 10   12 
5,000 -13 -6   -U   -7 -7 -15 -19 13 6 u r 7 0 -4 12 11 9   11 

• HEADWINDS — COMPUTED   FOR   A      itSO-KT   AIRSPEED. 
••A--OtNOTES   ANNUAL   tOUlVALENT   HEADWINDS   FOR    INDICATED   PER   CENT   RELIABILITIES. 

MINUS   SIGNS   DENOTE   HfcADwINOSi 
THE   BOEING   COMPANY 
TRANSPORT   DIVISION 

NO.       06-9 176 
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EQUIVALENT   HEADHIUDS   AND  STANDARO  DEVIATION   IN  KNOTS   FOR  GREAT  CIRCLE   AIR   ROUTES 

HEIGHT E a J I V A L E N T H E A 0 W I N D S» STANDARD DEVIATION 

IN D I R E C T R E T U R N 
FEET JAN  APR  JUL OCT ••A50 A75 ABS JAN APR JUL OCT ASO A75 A85 JAN APR JUL  OCT 
 1  

GREAT FALLS TO SALT LAKE CITY 1*03 N.MI. 

15.000    i» 0   -5 1 0 -10 -16 -7 -| l» -3 -1 -12 -18 17 16 12   16 

10,000    5 0   -3 0 0 -7 -11 -H -1 2 -1 -1 -8 -12 12 11 9   11 

5,000   -9 -3   -2 -»» -l» -10 -lU 8 3 2 i» 1» -2 -5 10 9 7    9 

GREAT FALLS TO SPOKANE 251» N.MI. 

15.000  -26  -16  -16 -21 -19 -31 -37 25 16 16 20 19 8 2 18 17 13   17 

10,000  -19  ■ ■12   -9 -15 -13 -22 -27 19 12 9 |l» 13 5 1 11» 12 10   12 

5,000  -11 -5   -•» -6 -7 -11» -18 11 5 1« 6 6 -1 -U 12 10 9   11 

GREENSBORO TO GREENVILLE 139 N.HI. 

15,000  -36  - -25   -9 -17 -20 -35 -U3 35 21» 9 16 19 7 1 19 19 II   19 

10,000  -21»  - ■18   -8 -13 -15 -26 -32 23 17 8 12 11« i» 0 15 16 10   11» 

5,000  -13  ■ -10   -5 -5 -8 -16 -21 12 9 5 U 7 -1 -5 11» 13 9   12 

GREENSBORO TO LOUISVILLE 305 N.MI. 

15,000  -35  ■ -27  -12 -18 -22 -36 -1*1» 33 26 12 17 21 9 3 19 19 11   18 

10,000  -26  - -20  -10 -IV -17 -27 -33 25 19 10 13 16 7 2 15 16 11   II» 

5,000  -1U  - -11   -6 -7 -9 -17 -22 13 10 6 6 9 1 -3 IK 13 9   12 

GREENSBORO TO NEW YORK 397 N.MI. 

15,000   31 19   12 18 19 7 1 -31» -21 -12 -20 -20 -3U -•»1 19 19 11   18 

10,000   21 15    9 13 11» 1» 0 -23 -16 -9 -lU -15 -25 -31 15 16 11   11» 

5,000   11 8    5 6 7 -1 -5 -12 -8 -5 -6 -8 -16 -21 13 13 9   12 

GREENSBORO TO PITTSBURGH 263 N.MI. 

15,000   -2 -6   -1 2 -2 -13 -20 -3 3 0 -1» -1 -12 -19 20 20 12   19 

10,000   -3 -l»   -2 0 -2 -12 -17 0 3 2 -1 S -a -11» 16 16 11   11» 

5,000   -1 -2   -2 -1 -1 -9 -11» 0 2 1 0 1 -7 -12 11» 13 9   12 

GREENSBORO TO RALEIGH 58 N.MI. 

15,000   36 29   11 17 21 9 3 -37 -30 -12 -18 -22 -37 -U6 20 20 11   19 

10,000   2? 21   10 13 17 7 1 -28 -21 -10 -11» -17 -29 -3S 16 (6 11   15 

5,000   15 11    6 6 9 1 -i» -15 -11 -7 -6 -9 -18 -23 11» 13 9   13 

GREENSBORO TO RICHMOND 152 N.MI. 

15,000   35 23   11 18 20 8 2 -36 -25 -11 -19 -21 -36 -i»i» 20 20 11   19 

10,000   21» 17    9 13 15 5 0 -25 -18 -9 -lU -16 -2 7 -33 16 16 II   15 

5,000   12 9    5 6 a 0 -5 -13 -10 -5 -6 -8 -17 -22 11» 13 9   13 

GREENSBORO TO ROANOKE 73 N.MI. 

15,000    2 -1»   -1 2 0 -12 -18 -6 1 0 -1» -2 -U -21 20 20 12   19 

10,000   -2 -2   -1 1 -i -11 -16 -1 1 1 -2 0 -10 -15 16 17 11   15 

5,000   -1 -1   -1 0 -i -9 -13 0 0 1 0 0 -8 -12 It« 13 9   13 

GREENSBORO TO WASHINGTON, D. ■ 216 N.MI. 

15,000   28 16    9 16 16 U -2 -30 -19 -10 -17 -18 -31 -39 20 20 11   19 

10,000   18 12    7 1 1 12 2 -3 -20 -14 -8 -12 -13 -23 -29 16 16 II   11» 

5,000   10 7    l» 5 6 -2 -6 -10 -7 -i» -5 -6 -15 -20 1U 13 9   12 

GREENVILLE TO RICHMOND 291 N.MI. 

15,000   35 23   10 1 7 20 8 2 -36 -25 -10 -18 -21 -35 -•»3 19 19 11   18 

10,000   21» 17    8 13 15 5 0 -25 -18 -9 -13 -15 -26 -32 15 16 10   11» 

5,000   12 9    5 5 8 0 -i» -13 -10 -5 -5 -8 -16 -21 13 13 9   12 

GREENVILLE TO SPARTAN8URG 19 N.MI. 

15,000   37 28    9 17 21 8 2 -38 -29 -9 -18 -22 -37 -t»6 20 20 11   19 

10,000   ZT 20    8 12 16 6 ! -27 -20 -8 -13 -16 -28 -31» 15 16 11   15 

5,000   lU 11    6 5 8 0 -i» -15 -11 -6 -5 -9 -17 -22 1>» 13 9   13 

GREENVILLE TO W1NST0N- SALEM 129 N.MI. 

15,000   3U 23    8 16 18 6 0 -35 -21» -9 -17 -19 -3i» -»•3 20 19 11   19 

10,000   23 !6    7 12 m k -1 -21» -17 -8 -12 -11» -25 -31 15 16 10   15 
5.000   12 9    i» H 7 -1 -5 -13 -9 -5 -5 -7 -16 -21 \u 13 9   12 

HALIFAX 10 MONOTON 89 N.MI. 
15,000  -16 -12  -13 -12 -13 -27 -35 12 9 12 10 1 1 -J -11 2H 23 15   21 
10,000  -13 -9  -1 1 -12 -11 -22 -29 11 8 10 11 10 -1 -7 19 IB 13   17 
5,000 -9 -6   -6 -7 -7 -17 -22 8 6 6 7 7 -3 -8 16 16 12   13 

• HEADWINDS—COMPUTED   FOR   A      l»50-KT   AIRSPEED. 
••A--DENOUS   ANNUAL   EgUIVALENT   HEADWINDS   FOR    INDICATED   PER   CENT   RELIABILITIES. 

MINUS   SI&NS   DENOTE   HEADWINDS. 
THE   BOEING   COMPANY 

PAGE 58 TRANSPORT   DIVISION 
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EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEET 

EQUIVALENT   HEADWINDS« 

JAN     APR 
DIRECT 

JUL     OCT   »»ASO A75  A85 

HALIFAX TO ST. JOHN 
15,000  -33 -23  -23  -26 -26 
10,000  -26 -\7     -\7     -20 -20 
5,000  -15 -11  -12  -12 -12 

HALIFAX TO SYDNEY 
15,000   33   21   20   26 2U 
10,000   2U   15   15   18 18 
5,000   12    9   12   II 11 

HARRISBURG TO PITTSBURGH 
15,000 -ki     -29  -19  -2M -27 
10,000  -31  -22  -15  -20 -21 
5,000  -16  -12   -9  -10 -11 

HARRISBURG TO READING 
15,000   UI   27   18   2»» 26 
10,000   29   21   11»   19 20 
5,000   15   II    8   10 11 

HARRISBURG TO WASHINGTON, O.C. 
15,000   -9   -1   -2   -8 -5 
10,000   -5   -I    0   -U -2 
5,000   -2    0    0-1 -1 

HARRISBURG TO WILLIAMSPORT 
15,000   -2   -6   -2    I -2 
10,000   -3   -5   -3   -1 -3 
5,000   -1   -3   -2        -I -2 

HARTFORD TO NEW HAVEN 
15,000  -21  -10   -8  -13 -12 
10,000  -12   -7   -5   -9 -8 
5,000   -6   -3   -3   -U -i« 

HARTFORD TO NEW YORK 
15,000  -30  -18  -13  -19 -19 
10,000  -20  -13   -9  -13 -13 
5,000  -10   -6   -6   -7 -7 

HARTFORD TO PHILADELPHIA 
15,000  -31»  -21  -15  -21 -22 
10,000  -23  -16  -11  -15 -16 
5,000  -12   -8   -7   -8 -8 

HÄRTFORD TO PITTSBURGH 
15,000  -W  -28  -19  -25 -27 
10,000  -30  -21  -15  -19 -20 
5,000  -16  -II   -9  -10 -11 

HARrFORD TO PITTSF1ELD 
15,000  -20  -18  -13  -12 -15 
10,000  -18  -11»  -II  -10 -13 
5,000  -10   -9   -6   -6 -8 

HARTFORD 10 PROVIDENCE 
15,000   39   28   20   2U 27 
10,000   30   21   16   19 21 
5,000   15   12   10   10 12 

HARTFORD TO WASHINGTON, O.C. 
15,000  -35  -22  -15  -22 -22 
10,000  -21.  -17  -1!  -16 -16 
5,000  -12   -8   -7   -8 -9 

HELENA TO MISSOULA 
15,000  -27  -16  -16  -21 -20 
10,000  -20  -12   -9  -15 -15 
5.000  -10   -5   -5   -6 -6 

-U0 
-31 
-22 

II 
7 
1 

-»»2 
-33 
-20 

13 
9 
2 

-18 
-12 
-9 

15 
■13 
■10 

-26 
-19 
-13 

-33 
-2k 
-16 

-36 
-27 
-17 

-Ul 
-31 
-20 

-29 
■2k 
-17 

lU 
10 
3 

-36 
-27 
-17 

-31 
-22 
-1H 

-:l»8 
-37 
-27 

3 
1 

-U 

-51 
-39 
-25 

6 
1» 

-3 

-25 
-18 
-1U 

-22 
-19 
-15 

-31» 
-25 
-18 

-Ul 
-30 
-21 

-33 
-22 

-U9 
-it 
-25 

-36 
-30 
-22 

-Ml» 
-53 
-22 

-38 
-27 
-18 

JAN  APR 
RETURN 

JUL     OCT        A50 A75  A85 

32 
25 
\k 

-3»» 
-25 
-13 

l»2 
30 
16 

-l»2 
-30 
-16 

17 
9 
1» 

27 
18 
9 

32 
21 
1 1 

l»0 
29 
15 

16 
16 
9 

-UO 
-30 
-16 

33 
22 
12 

26 
19 
10 

22 
16 
10 

-22 
-16 
-9 

28 
22 
12 

-28 
-22 
-12 

-2 
-I 
-1 

15 
11 
5 

19 
|1» 

7 

26 
20 
1 1 

16 
13 
8 

-29 
-22 
-12 

20 
15 
a 

16 
11 
5 

22 
17 
12 

-21 
-16 
-13 

18 
15 
8 

-19 
-15 
-8 

12 
8 
5 

11» 
10 
6 

19 
11» 
9 

12 
10 
6 

■21 
-16 
-10 

11» 
10 
6 

15 
9 
■t 

2U 
20 
12 

-27 
■19 
■12 

23 
19 
10 

-25 
-19 
-10 

11 
8 
l« 

17 
12 
6 

20 
1U 
7 

2U 
19 
10 

10 
9 
6 

■25 
-19 
-1 1 

20 
15 
7 

20 
15 
S 

25 
19 
12 

-25 
-18 
-12 

26 
21 
II 

-27 
-2 1 
-11 

10 
6 
3 

17 
12 
6 

20 
15 
8 

26 
20 
11 

13 
12 
7 

-28 
-21 
-12 

21 
15 
8 

19 
13 
6 

-U0 
-30 
-2 1 

|i« 

10 
3 

-i»2 
•32 
-20 

-10 
-9 
-8 

-13 
-9 
-8 

-3 
-U 
-6 

I« 
2 

-3 

IK 
10 
3 

0 
1 

-2 

-l»2 
-33 
-22 

3 
2 

-3 

-kB 
-36 
-26 

-51 
-39 
-26 

■17 
■15 
13 

■21 
■15 
■13 

•10 
■10 
II 

-3 
-i« 

-8 

1 
-1 
-6 

6 
5 

-2 

-7 
-5 
-7 

-50 
-39 
-27 

2 
0 

-5 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

21» 
19 
16 

23 
19 
16 

21 
17 
15 

22 
17 
15 

22 
17 
15 

22 
IT 
15 

23 
18 
16 

22 
18 
15 

22 
17 
15 

21 
16 
11» 

2 3 
18 
16 

23 
18 
16 

21 
17 
1U 

19 
11» 
12 

23 
18 
16 

23 
18 
16 

20 
17 
11» 

lOU N.Ml. 
IS 21 
13   16 
12 13 

165 N.MI. 
15   21 
13 16 
12   13 

155 N.MI. 
21 13   20 
17 12   15 
15   10   12 

»»2 N.MI. 
22 13   20 
18 12   16 
15   10   13 

82 N.MI. 
21 13 20 
17 12 15 
15   10   13 

22 
18 
15 

22 
18 
15 

22 
18 
15 

61 N. 
13 
12 
10 

Ml. 
20 
15 
13 

30 N.MI. 
lU 21 
12   16 
n      is 

81» N. 
13 
12 
II 

Ml. 
20 
15 
13 

161 N.MI. 
21 13 20 
18 12 15 
IS   11   13 

350 N. 
12 
II 
10 

Ml. 
19 
11* 
12 

22 
18 
15 

22 
18 
15 

21 
17 
IU 

51 N.MI. 
11» 21 
12   16 
11 13 

Sk N.MI. 
IU   21 
12 16 
11 13 

265 N.MI. 
12 19 
11 15 
10   12 

18 
12 
1 I 

88 N. 
IU 
10 
9 

Ml. 
1 7 
12 
1 1 

• MEAOWINDS—COMPUTED FOR A  »»50-KT AIRSPEED. 
•.A--DEN0TES ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

MINUS SIGNS DENOTE HEADWINDS,. 
THE BOEING COMPANY 
TRANSPORT DIVISION 

NO. 
PAGE 

06-9176 
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EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEET 

EQUIVALENT        HEADWINDS» 

JAN      APR 
""DIRECT 
JUL     OCT   «»ASO A75     A85 JAN     APR 

RETURN 
JUL     OCT        A50 A75  A8S 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

H08BS TO MIDLAND, TEX. 
15,000   19   15 0 8 
10,000   11    8 0 U 
5,000    0   -2 -5 -3 

HOBBS TO ROSWELL 
15,000  -2U  -19 -2 -11 
10,000  -15  -11 -2 -6 
5,000   -10 3 3 

HOT SPRINGS TO LITTLE ROCK 
15,000   31* 2U    7   15 
10,000   2U 17    6   10 
5,000   12 10    7    5 

HOT SPRINGS TO SHREVEPORT 
15,000  -15 -9   -2   -U 
10,000  -11 -7   -U   -3 
5,000   -7 -6   -6   -3 

hOULTON TO PRESQUE ISLE 
15,000   -6   -6 -8   -5 
10,000   -8   -6 -8   -6 
5,000   -7   -I» -i*   -l* 

HOUSTON TO LAKE CHARLES 
15,000   29   23    i4 10 
10,000   20   15    3 6 
5,000   10    7    4 4 

HOUSTON TO NEW ORLEANS 
15,000 29   23    U H 
10,000 19   li*    2 6 
5,000 9    7    3 U 

HOUSTON TO SAN ANTONIO 
15,000  -29  -2U   -3  -10 
10,000  -19  -lU   -2   -6 
5,000   -9   -6   -2   -3 

HOUSTON TO SHREVEPORT 
15,000 16   10    3    U 
10,000 12    9    4    3 
5,000 «871* 

HOUSTON   TO   TULSA 
15,000 0-2 0-2 
10,000 112-1 
5,000 3 U 6 2 

HUNTINGTON TO LEXINGTON 
15,000  -i»l  -28  -15  -22 
10,000  -29  -20  -12  -16 
5,000  -15  -11   -7   -8 

HUNTINGTON TO LOUISVILLE 
15,000 -k\     -28  -15  -22 
10,000  -29  -21  -12  -17 
5,000  -15  -11   -7   -8 

HUNTSVILLE TO KNOXVILLE 
15,000   36 2li    8 16 
10,000   25 17    7 II 
5,000   13 10    5 U 

HUNTSVILLE TO LEXINGTON 
15,000    19 10    5 8 
10,000   13 8    U 6 
5,000    7 5    3 3 

9   -2 
5   -3 
-3  -10 

18 
14 
8 

-7 -20 
-7 -18 
-U  -14 

15    4 
10    1 
6   -1 

19 
11* 
8 

10 
T 
h 

-2 
-2 
-1 

-7 
-7 

-11* 

•13  -26  -33 
-8  -17  -22 

1   -6  -10 

6 0 
l* -1 
0   -5 

-7 -18 -25 
-6 -15 -20 
-6  -14  -18 

-28 
-21* 
-19 

15    U   -1 
10    1   -3 
5   -2   -6 

-15  -28  -36 
-10  -19  -21* 
-l»  -12  -17 

-11  -16 
-7  -12 
-i»   -8 

-21* -39 -48 
-19 -30 -36 
-10  -19  -2U 

-25 -39 -U8 
-19 -30 -36 
-10  -19  -2U 

-20 
-12 

0 

23 
15 

-35 
-25 
-12 

12 
9 
6 

-30 
-20 
-1 1 

-30 
-2 0 
-10 

28 
18 
9 

■18 
■13 
-9 

-3 
-2 
-i* 

UO 
28 
15 

40 
29 
15 

■37 
-26 
-1U 

-23 
-15 
-8 

•16 
-8 

1 

18 
10 
0 

-25 
-18 
-10 

-21» 
-15 
-8 

-21* 
-15 
-7 

23 
11* 
5 

12 
•10 
-8 

0 
-2 
-i* 

26 
20 
11 

27 
20 
1 I 

-26 
-18 
-10 

13 
-9 
-6 

-3 
-5 
-7 

1U 
12 
7 

H« 
12 
7 

-9 
-l* 
3 

10 
5 

-3 

-7 -15 
-6 -1 1 
-7   -5 

-11 
-6 
-4 

-12 
-7 
-4 

10 
6 
3 

-5 
-3 
-4 

21 
16 
8 

21 
16 
8 

-8 -17 
-8 -12 
-5   -5 

-5 -10 
-5 -7 
-5   -S 

•10  -22  -30 
-6  -15  -20 
3   -5   -9 

12 
7 

-2 

-I 
-2 
-4 

24 
18 
10 

24 
19 
10 

1 -4 
-I -5 
-8  -12 

•19 -34 -43 
■14 -25 -31 
-9  -17  -22 

-9 
-5 
-6 

•10 
-9 
12 

1 I 
8 
1 

-11 
-8 
-8 

-17 
-11 
-1 I 

-16  -29  -36 
-10  -20  -26 
-7  -15  -19 

-16  -29  -36 
-10  -20  -25 
-6  -13  -18 

15 3-2 
9 I -4 
4   -3   -7 

-9 -20 -26 
-7 -16 -21 
-7  -15  -19 

-16 
-14 
-16 

1 1 5 
8 3 
1   -3 

-20  -35  -44 
-15  -26  -32 
-8  -17  -22 

■11 -24 -32 
-8 -18 -24 
-5  -13  -17 

!9 
14 
12 

19 
14 
12 

20 
15 
14 

19 
14 
14 

23 
18 
16 

17 
13 
13 

16 
13 
13 

17 
13 
13 

17 
13 
13 

17 
15 
13 

21 
16 
15 

3 0 
15 
II« 

20 
15 
14 

19 
IS 
lu 

• HEACwINCS—COf'PLTED FOR A  450-KT AIRSPEED. 
• •A—DENOTES ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELI AbIL I MES. 

MINUS SIGNS CENCTE HEADMINOS. 
THE BOEING COMPANY 

PAGE    60 TRANSPOKI DIVISION 

71 N.MI. 

12 

17 
12 
11 

tu 
8 

12 
I I 

78 N.MI. 
I I 16 
10   12 
8   10 

19 
15 
15 

18 
14 
14 

22 
17 
16 

16 
13 
12 

21 
1 f 
|i« 

45 N. 
1 I 
10 
10 

127 N. 
1 1 
10 
10 

36 N. 
16 
13 
12 

Ml. 
18 
14 
13 

MI. 
17 
14 
12 

MI. 
22 
ir 
14 

114 N.MI. 
16 10 16 
13 10 13 
12    9   12 

262 N. 
10 
9 
8 

MI. 
15 
12 
1 I 

167 N-Ml. 
15 10   15 
12    9   12 
12 8   11 

184 N.MI. 
16 10   16 
13 10   13 
13    9   12 

394 N. 
16   10 
13    9 
13    9 

MI. 
16 
12 
1 1 

99 N.MI. 
12 20 
11 15 
10   13 

150 N.MI. 
20 12 IV 
16   11   lb 
14 10   13 

144 N.MI. 
19   11    19 
15 10   14 
13 9   12 

223 N.MI. 
19 11 19 
15   11    14 
14 9   12 

NO.  06-91/6 
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EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEET 

EQUIVALENT   HEADW I N D S» 

JAN      APR 
DIRECT 

JUL     OCT   »«ASO A75  ASS 

HUNTSVILLE TO LOUISVILLE 
15,000   10    3    2    it l* 
10,000    6    3    2    3 3 
5,000    3    2    11 2 

HUNTSVILLE TO MEMPHIS 
15,000  -37  -28   -8  -17 -20 
10,000  -26  -19   -7  -12 -15 
5,000  -1U  -11   -6   -5 -8 

HUNTSVILLE TO NASHVILLE 
15,000    2   -3   -1   -I -1 
10,000    0-200 0 
5,000    0    0    0-1 0 

HUNTSVILLE TO WASHINGTON, D.C. 
15,000   36   2U   1!   18 21 
10,000   25   17    9   1U 16 
5,000   13   10    6    6 8 

HURON TO PIERRE 
15,000  -28  -19 -20 -26 
10,000  -21  -12 -14 -15 
5,000  -11   -6 -o -9 

HURON TO SIOUX FALLS 
15,000   26   18   16 21 
10,000   21   13   !2 15 
5,000   12    6    i* 9 

HYANNIS TO NANTUCKET 
15,000 6   10    7 U 
10,000 10    9    7 4 
5,000 6    6    U «* 

IDAHO FALLS TO POCATELLO 
15,000   -9   -8  -12   -8 
10,000   -6   -5   -7   -6 
5,000  -10   -5   -U   -6 

IDAHO FALLS TO SALT LAKE CITY 
15,000    5 1-1+2 
10,000    3 1-3! 
5,000   -V -5   -i*        -5 

INOI&N'POLIS TO LOUISVILLE 
15,000           7 7           4           5 
10,000           6 6           3          4 
5,000           3 3           12 

INDIANAPOLIS TO MEMPHIS 
15,000  -25  -15   -7  -II 
10,000  -17  -II   -6   -8 
5,000   -9   -7   -4   -4 

-23 
-15 

20 
15 
8 

-9 
-6 
-6 

INDIANAPOLIS 
15,000   -8 
10,000   -5 
5,000   -2 

TO NASHVILLE 
-3   -2   -3 
-2   -1   -2 
-I   -I   -1 

INDIANAPOLIS TO PITTSBURGH 
15,000   41 26   17   23 
10,000   29 20   14   18 
5,000   15 11     7         10 

INDIANAPOLIS TO ST. LOUIS 
15,000  -38 -25  -15  -21 
10,000  -28 -19  -12  -16 
5,000  -15 -10   -7   -9 

13 
10 
-6 

25 
20 
to 

-23 
-18 
-10 

-7 
-6 
-6 

-36 
-26 
-17 

-12 
-10 
-8' 

-35 
-25 
-17 

8 
5 

-1 

-6 
-3 
-4 

-2 1 
-14 
-12 

-26 
-20 
-14 

13 
10 
2 

-13 
-11 
-n 

-44 
-32 
-22 

-18 
-15 
-13 

4 
2 

-3 

-42 
-30 
-22 

14 
-9 
-9 

•2 7 
■18 
-16 

1  - 1 0  - 1 6 
0   -7-11 
-5  -11  -14 

-13 
-1 1 
-1 1 

-33 
-25 
-19 

-15 -22 
-12 -17 
-10  -14 

7 
4 

-2 

-38 -1 6 
-29 -35 
-19  -24 

JAN  APR 
RETURN 

JUL      OCT        A50 A75  A85 

■14 
-9 
-4 

35 
26 
13 

28 
21 
1 1 

-27 
-2 1 
-12 

■1 1 
-13 
-7 

7 
5 

10 

-11 
-8 
-4 

22 
16 
8 

37 
27 
I« 

27 
19 
10 

0 
0 

-1 

18 
12 
5 

19 
13 
5 

-19  -16 
-14  -12 
-7   -5 

-13 
-10 
-7 

-2 
-1 
4 

■10 
-7 
-4 

13 
10 
6 

-42  -27 
-30  -21 
-16 -n 

-9 
-7 
-4 

1 1 
6 
4 

-5 
-4 
-2 

-18 
-14 
-a 

24 
19 
10 

15 
12 

r 

-5 
-4 
-1 

16 
12 
5 

-38 -25 -11 -19 
-26 -18 -10 -14 
-14  -10   -6   -6 

25 
15 
9 

-23 
-15 
-10 

-6 
-6 
-4 

-3 
-1 
5 

-7 
-5 
-3 

-24 
•19 
-10 

19 
15 
9 

-6 
-5 
-2 

20 
15 
8 

-1 
-1 
-1 

-22 
-16 
-8 

22 
15 
8 

-21 
-15 
-8 

-9 
-9 
-6 

12 
9 
5 

23 
18 
9 

in 
14 
1 I 

13 
■10 
-9 

-36 
-26 
-16 

1 1 
5 

-2 

-33 
-25 
-18 

-23 
-20 
-15 

-3 
-2 
0 

-2 0 
-16 
-12 

10 
7 
1 

-25 
-19 
-15 

19 
15 
13 

-44 
-32 
-21 

-40 
-31 
-23 

-30 
-26 
-20 

-10 
-7 
-3 

13  -20 
-9  -13 
0   -3 

-27 
-21 
-16 

-5 
-5 
-7 

1 -10 -16 
1 -8 -13 
1   -7  -12 

■26 -41 -49 
-20 -31 -37 
-11  -20  -24 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

I 

20 
15 
14 

20 
14 
14 

20 
15 
14 

18 
14 
13 

19 
15 
13 

20 
15 
14 

23 
18 
16 

19 
13 
10 

19 
13 
9 

20 
16 
15 

19 
14 
14 

20 
!5 
14 

20 
15 
14 

20 
15 
15 

•HfcACWlNDS—COMPUTED FOR A  450-KT AIRSPEED. 
..A —DENOTES ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELI AbILITIES. 

MINUS SIGNS CENOIE HEADWINDS. 
THE eUEINO COMPANY 
TRANSPORT DIVISION 

19 
15 
14 

19 
15 
14 

20 
16 
14 

17 
1 1 
8 

214 N.MI. 
11   19 
11   14 
9   12 

169 N.HI. 
11   18 
10   14 
9   12 

18 
15 
12 

20 
15 
14 

22 
18 
16 

87 N. 
11 
11 
10 

MI. 
19 
15 
13 

522 N.MI. 
10   17 
10   13 
9   I 1 

88 N. 
13 
12 
12 

80 N. 
20   13 
15   12 
14   12 

MI. 
18 
15 
14 

MI. 
19 
15 
14 

26 N.MI. 
14 21 
12 16 
11   13 

43 N.MI. 
18   13   17 
12   10   12 
9    7    9 

164 N.MI. 
12   17 
10   1 I 
7    Ö 

96 N.MI. 
2! 13 20 
17 12 lb 
15   10   13 

19 
15 
14 

20 
16 
14 

2 0 
16 
1U 

20 
16 
15 

331 N.MI. 
I I   18 
II 14 
9   12 

217 N. 
12 
1 1 
10 

Ml. 
19 
15 
12 

282 N.MI. 
!2    19 
11 15 
10   12 

199 N.MI. 
12 19 
12 IS 
10   li 

NO. 
PAGE 

06-91fb 
61 



EgUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E 0 U I V A L E N T H E A D W I N D S» STANDARD DEVIATIOf 
IN D 1 R E C T R E T U R N 

FEET JAN  APR  JUL OCT "ASO A7S A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL  OC1 
1 

INDIANAPOLIS TO TERRE HAUTE SI N.MI. 
15,000  -38  -25  -16 -21 -2lt -39 -l»7 37 2U 15 20 23 10 3 21 21 13   20 
10,000  -28  -19  -12 -16 -18 -30 -35 27 19 12 16 18 7 2 16 17 12   IS 
5,000  -15  -10   -7 -9 -JO -19 -2U U 10 7 9 9 1 -U 15 15 10   13 

JACKSON TO MEMPHIS 16U N.MI. 
15,000    7    I   -1 1 1 -9 -15 -11 -3 0 -2 -i -15 -21 19 18 11   18 
10,000    5    2    3 0 2 -6 -11 -7 -3 -3 -1 -3 -12 -17 11» 15 10   \k 
5,000 

JACKSON 

1»    3    2 

TO MERIDIAN 

0 2 -6 -10 -5 -U -2 -1 -3 -11 -16 lU 14 9   12 

75 N.MI. 
15,000   33 25    6   1U 
10,000   23 17    U    9 
5,000   11 9    U    l» 

JACKSON TO MONROE 
15,000  -33 -26   -6  -U 
10,000  -22 -17   -i»   -9 
5,000  -II -8   -I»   -5 

JACKSON TO NEW ORLEANS 
15,000   -7 -I    2   -1 
10,000   -5 -3   -it    1 
5,000   -5 -l»   -3    0 

JACKSON TO SHREVEPORT 
15,000  -33 -26   -6  -IK 
10,000  -23 -17   -I»   -9 
5,000  -11 -8   -5   -5 

JACKSONVILLE TO MACON 
15,000  -IB -16   -2   -7 
10,000  -11 -10   -1   -1* 
5,000   -2 -3   -1   -2 

JACKSONVILLE TO MELBOURNE 
15,000    8 8-21 
10,000    i U   -3   -1 
5,000   -5 -1   -2   -2 

JACKSONVILLE TO MIAMI 
15,000    6 6-30 
10,000    I 2   -1»   -2 
5,000   -6 -3   -U   -3 

JACKSONVILLE TO ORLANDO 
15,000    2 3-2-1 
10,000   -1 1   -3   -2 
5,000   -6 -3   -3 . -2 

JACKSONVILLE TO SARASOTA 
15,000   -8 -6   -••   -5 
10,000   -7 -5   -U   -U 
5,000   -8 -6   -t»   ->♦ 

JACKSONVILLE TO SAVANNAH 
15,000    9 6    3    5 
10,000    8 U    U    M 
5,000    7 i»    3    2 

JACKSONVILLE TO TALLAHASSEE 
15,000  -30 -25   -14  -13 
10,000  -20 -16   -3   -8 
5,000   -8 -8   -3   -i« 

JACKSONVILLE 10   TAMPA 
15,000  -10 -7   -*   -6 
10,000   -9 -5   -"*   -•• 
5,000   -8 -6   -<•   -H 

18 
12 
7 

5 
3 

-I 

0 -9 
-1 -9 
-3  -10 

-18  -32  -U0 
-12  -23  -29 
-7  -15  -20 

-12 -18 
-11 -16 
-11  -15 

-18  -32  -U0 
-12  -23  -29 
-7  -15  -20 

-10 -22 -29 
-6 -15 -20 
-2   -9  -lU 

-6 -II 
-7 -11 
-9  -13 

-7  -11 
-8  -12 

-10  -1U 

1i* 
■IH 

-5 -U -19 
-5 -13 -17 
-5  -12  -16 

-U -10 
-i* -8 
-3   -7 

-16  -30  -37 
-11  -21  -27 
-6  -13  -17 

-6 -15 -21 
-5 -13 -18 
-5  -12  -16 

-34 -26 
-23 -17 
-12   -9 

32 
22 
1 1 

32 
22 
I 1 

1 1 
-9 
-7 

30 
20 
8 

25 
16 
8 

25 
16 
8 

16   15 
10    9 
2    3 

-10   -9 
-U   -5 
t 1 

-I» 
-2 
2 

6 1« 
7 k 
8 5 

-8 
-5 
-5 

2U 
16 
8 

8 6 
8 5 
B    5 

-6 
-5 
-l» 

-7   -7    3 
-1   -3    U 
6    3    1» 

-3 
-l» 
-3 

•15 
•10 
-5 

II» 
9 
1» 

-2    0 
3   -1 
3    0 

1i» 
9 
1» 

-6 
-U 
-3 

12 
T 
U 

-18  -33  -i»1 
-13  -2t»  -30 
-7  -16  -20 

17 
12 
6 

17    5 
12    3 
7   -1 

-1 
-3 
-6 

-U 
-3 
-2 

0 
-3 
-6 

-10 -15 
-7 -11 
-5   -9 

0 
-2 
-6 

-7 
-8 

-10 

-I«  -11»  -20 
-1   -9  -11» 
2   -5   -9 

•2 -11 -17 
1 -7-11 
i»   -3   -6 

-11  -16 
-7  -12 
-i»   -8 

-9 
-7 
-6 

-6 -17 -23 
-5 -11» -19 
-i»  -12  -16 

16    i»   -1 
11    1-3 
5   -2   -6 

-7 
-6 

18 
11» 
1U 

18 
11» 
11» 

17 
11« 
13 

18 
11» 
1U 

17 
11» 
13 

16 
13 
12 

15 
12 
1 1 

16 
II» 
12 

16 
13 
12 

17 
11» 
12 

17 
11» 
12 

16 
13 
1? 

•HEADWINDS—COMPUTED FOR A  U50-KT AIRSPEED. 
••ft--DENOTtS ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

MINUS SIGNS DENOTE HEADWINDS^ 
THE BOEING COMPANY 

PAGE   62 TRANSPORT DIVISION 

18   11   17 
15 10   11» 
13    9   12 

92 N.MI. 
18 11 17 
11» 10 11» 
lU    9   12 

UO N.MI. 
17 10 16 
11» 10 13 
13    9   12 

182 N.MI. 
17 11 17 
11» 10 13 
13    9   12 

171 N.MI. 
17 10 16 
U    9   13 
12 9   II 

1U9 N.MI. 
16 9   II» 
13 9   12 
11 8   11 

286 N.MI. 
11»    8   13 
12 8   II 
11 7   10 

113 N.MI. 
16    9   11» 
13 9   12 
12 8   11 

187 N.MI. 
15    9   11» 
13 9   12 
11    8   II 

17 
U 
12 

99 N.MI. 
10   16 
9   13 
9   11 

im N.MI. 
17 9 15 
11»    9   15 
12 8   11 

151» N.MI. 
16    9   lu 
13 9   12 
11    8   11 

NO.  D6-9176 
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fcOUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FtET 

E Q U I VALENT   HEADWINDS» 

JAN  APR 
0 I 

JUL 
R £ C T 
OCT ••A50 A75  A85 

JACKSONVILLE TO WAYCROSS 
15,000  -19  -16   -2   -7 -9  -21 -29 
10,000  -II  -10    0   -U -6  -15 -20 
5,000   -I   -i          0       -I -1   -9 -13 

JACKSONVILLE TO WEST PALM BEACH 
15,000    8    7-3* 2-6 -10 
10,000    2    i*   -3   -1 0-8 -II 
5,000   -5   -2   -3   -3 -3  -10 -l"« 

J0PL1N TO SPRINGFIELD, HO- 
IS,000   31»   21»   11   18 20    8" 2 
10,000   24   17    9   13 15    5 0 
5,000   12    9    7    7 9    0-5 

JOPLIN TO TULSA 
15,000  -27  -20 -8 -13 
10,000  -19  -1U -7 -9 
5,000   -9   -9 -8 -6 

KANSAS CITY TO MINNEAPOLIS 
15,000    0    12-1 
10,000    0    0    1-1 
5,000   -10    2    0 

-16  -29 
-12  -22 
-8  -17 

KANSAS CITY 
15,000  -26 
10,000  -18 
5,000   -9 

TO OMAHA 
--16  - 12 -1 7 
-13   -8 -13 
-6   -3 -7 

KANSAS CITY TO ST. LOUIS 
15,000   35   21» 15   20 
10,000   26   18 11   !■» 
5,000   13    9 6    9 

-17 
-13 
-6 

22 
17 
9 

KANSAS CITY TO SPRINGFIELD, MO. 
15,000 11»   10    6   10 10 
10,000 1 1    8    "»    7 7 
5,000 5    3    13 3 

KANSAS CITY 
15,000  -12 
10,000   -8 
5,000   -l» 

TO TULSA 
-9   -l» 
-6   -M 
-5   -6 

KANSAS CITY TO WSCHIIA 
15,000  -27  -20  -11 -lH 
10,000  -19  -1"»   -8 -10 
5,000   -9   -8   -8 -7 

KEENE TO NEW YORK 
15,000  -21»  -13   -9 -15 
10,000  -It   -9   -6 -10 
5,000  -7  -1»   -n "5 

KFENE TO P1TTSFIELD 
15.000  -36  -23  -18 -2"» 
10,000  -26  -17  -13 -17 
5,000  -13   -9   -9 -10 

KEY WLST TO MIAMI 
15,000    V    9    0 5 
10,000    5    5    0 1» 
5,000   -1    i»    1 0 

KNOXV1LLE 10 LEXINGTON 
15,000   -f   -8   -5 -■» 
10,000   -6   -6   -2 -3 
5,000   -3   -3   -? -2 

-7 
-5 
-5 

-17 
-12 
-8 

-15 
-10 
-5 

-2i» 

-18 

-10 

-37 
-27 
-21 

-11  -17 
-9  -lU 
-8  -13 

-5 
-i» 

-2 

-30 
-23 
-15 

10 
7 
0 

-19 
-11» 
■13 

-30 
-22 
-16 

-28 
-20 
-11» 

-39 
-29 
-19 

-2 
-3 
-5 

■17 
■1U 
■10 

-37 
-28 
-20 

-8 
-7 
-10 

-25 
-20 
-18 

-37 
-28 
-21 

-36 
-26 
-19 

-ur 
-35 
-25 

-6 
-7 
-9 

-ZU 
-19 
-15 

— R   E T   U  R N 
JAN APR JUL OCT A50 A75 A85 

17 15 1 6 8 -2 -7 

10 9 0 3 5 -1» -8 

1 3 0 1 1 -6 -10 

-10 -9 2 -1 -3 -13 -19 
-3 -5 3 1 0 -8 -13 

5 2 3 2 3 -U -7 

-35 -25 -12 -18 -21 -35 -•tit 
-?5 -18 -9 -13 -16 -26 -32 
-12 -10 -7 -7 -9 -18 -23 

25 18 8 11 lit 3 -3 
18 13 6 9 11 2 -3 

9 a 8 6 8 -1 -6 

-1» -3 -3 -1 -3 -1U -20 
-2 -1 -2 C -1 -10 -15 

0 -1 -3 -1 -1 -9 -14 

21* 15 1 1 16 16 It -2 
17 12 8 12 12 2 -3 

9 5 2 7 6 -3 -8 

-36 -25 -15 -21 -23 -37 -i»i» 

-26 -19 -11 -15 -17 -28 -33 
-13 -10 -7 -9 -9 -18 -23 

-18 -12 -6 -12 -11 -24 -31 
-12 -9 -k -8 -8 -18 -23 
-6 -3 -1 -1» -3 -12 -17 

9 7 I» 3 5 -6 -12 
7 5 3 3 U -5 -10 
U it 5 3 It -i» -9 

25 19 1 1 13 16 5 -2 
18 13 8 9 12 2 -3 

8 8 7 7 8 -1 -6 

20 
12 
6 

35 
2U 
12 

-9 
-S 
0 

10 
7 
i 

22 
15 

a 

-10 

-6 

-U 

1 7 

12 

8 

1U 

9 

5 

2 3 

17 

9 

-5 

-U 

0 

12 

8 

It 

23 
17 
9 

10 
6 
0 

-7 
-8 
-9 

3 
0 

-5 

-5 -lU -19 
-3 -10 -lU 
-1   -7  -11 

-8 -15 
-6 -12 
-7  -11 

• H{:AO»iINÜS--COMPUTEO FO» A  i.50-KT AIRSPEED. 
..»--DENOTES ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

MINUS SIGNS DENOTE HEADWINDS. 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

17 
lit 

12 

15 

13 

II 

20 
15 
11» 

20 
15 
14 

19 
14 
13 

20 
15 
14 

20 
15 
14 

20 
15 
14 

20 
14 
14 

20 
15 
14 

22 
17 
15 

2 3 
18 
16 

14 
12 
11 

20 
15 
14 

THE BOEING COMPANY 
TRANSPORT DIVISION 

17 
14 
12 

64 N-Ml. 
10   16 
9   13 
9   12 

2 38 N.MI. 
15 8 13 
12 8 11 
11    8   10 

54 N.MI. 
20 12 IV 
15 11 15 
15   10   13 

88 N.MI. 
19 12 18 
15 11 14 
15   10   13 

351 N.MI. 
19 12 18 
15 11 14 
14   II   13 

144 N.MI. 
13 19 
12   15 
11 13 

199 N.MI. 
12 IV 
11 15 
10   13 

126 N.MI. 
20 12 19 
15 II 15 
15   10   13 

20 
15 
14 

20 
15 
14 

19 
15 
14 

19 
15 
14 

21 
18 
15 

185 N. 
12 
11 
10 

MI. 
IB 
14 
12 

22 
IB 
15 

154 N.MI. 
12   18 
11 14 
10 12 

152 N.MI. 
14   20 
12 15 
11 13 

54 N.MI. 
14   21 
12 16 
11   13 

10V N.MI. 
13 8 11 
10 7 10 
10    7   10 

20 
16 
14 

136 N.MI. 
12   19 
11   15 
V   12 

NO.  06-9 176 
PAGE      63 



I: 

eOUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEET 

EQUIVALENT   HEADWINDS» 

JAN     APR 
DIRECT 

JUL      OCT   ••A50 A75  A8S 

KNOXVILLE TO LOUISVILLE 
IS,GOO  -18 -16   -7 -10 -12 -2U -31 
10,000  -11* -12   -5 -7 -9 -19 -25 
5,000   -7 -6   -U -k -5 -li -18 

KNOXVILLE TO MEMPHIS 
15,000  -39 -28   -9 -18 -22 -37 -45 
10,000  -28 -20   -8 -13 -16 -27 -33 
5,000  -15 -11   -6 -6 -9 -18 -22 

KNOXVILLE TO NASHVILLE 
15,000  -38  -28  -11  -19 
10,000  -27  -20   -9  -13 
5,000  -15  -11   -6   -6 

KNOXVILLE TO PITTSBURG 
15,000   22   12    8 13 
10,000   15    9    5 9 
5,000    ß    5    3 U 

-22  -37  -U6 
-17  -28  -31» 
-9  -18  -23 

13 
9 
5 

KNOXVILLE TO WASHINGTON, D.C. 
15,000   36 2U   12   19 21 
10,000   25 18   10   11» 16 
5,000   13 10    6    6 8 

LAFAYETTE TO LAKE CHARLES 
15,000  -30 -21«   -1»  -12 
10,000  -20 -15   -2   -7 
5,000  -10 -7   -3   -i» 

LAFAYETTE TO NEW ORLEANS 
15,000   28 23    I»   II 
10,000   19 11»    2    7 
5,000    8 6    2    1« 

LAKELAND TO TAMPA 
15.000  -23 -20   -2   -9 
10,000  -1U -12   -1   -5 
5,000   -2 -5   -1   -2 

LANCASTER TO READING 
15,000   30 17   13   19 
10,000   20 13    9   11» 
5,000   11 7    5    7 

LANCASTER TO WASHINGTON 
15,000  -22 -11   -8  -H 
10,000  -lit -8   -5   -9 
5,000   -f -i»   -3   -k 

LAS VEGAS TO LOS ANGELES 
15,000  -III -13  -10   -8 
10,000   -7 -6   -6   -5 
5,000   -H -3   -i«    U 

LAS VEGAS TO PALM SPRINGS 
15,000   -6 -7   -8   -5 
10,000   -1 -2   -5   -3 
5,000   -3 -3   -H    I» 

LAS VEGAS TO PHOENIX 
15,000   17 13    1    7 
10,000   1 I 8    I    i» 
5,000   -1 0   -2   -3 

LAS VEGAS TO SACRAMENTO 
15,000  -22 -17   -8  -10 
10,000  -IM -11   -3   -/ 
5,000   -I« -I«   -3    0 

2 
0 

-3 

15 I« 
9 0 
5   -3 

19    6 
H«    3 
7   -2 

-2 
-2 
-6 

-5 
-7 

I« 

2 
-4 

-16  -30  -37 
-10  -21  -26 
-6  -1U  -18 

-2 
-l» 

-7 

-12 -24 -31 
-7 -16 -21 
-3  -10  -14 

-1 
-3 
-I 

■13 -26 -34 
-9 -19 -25 
-4  -13  -18 

-11 -22 -28 
-6 -14 -18 
-2   -8-11 

-7 -17 -23 
-3 -11 -15 
-2   -7  -10 

-7 
-6 
-9 

-13 -25 -32 
-8 -17 -22 
-3   -8  -12 

JAN  APR 

14 
12 
6 

38 
27 
14 

36 
27 
14 

18 
1 1 
6 

!3 
6 
4 

18 
12 
0 

21 
13 
4 

RETURN 
JUL      OCT     , A50 A75  A85 

14 
10 
5 

27 
19 
II 

27 
20 
1 1 

10 
9 
6 

29   24 
20   15 
9    6 

-29  -24   -4 
-19  -15   -2 
-9   -6   -2 

23   20    2 
13   12    1 
2    5    1 

12 
5 
3 

6    8 
1 5 
2 4 

-14   -2 
-9   -1 
0    2 

17 
12 
b 

18 
13 
6 

-26  -14   -8  -15 
-17  -10   -6  -10 
-9   -6   -3   -5 

-38 -25 -12 -20 
-26 -19 -10 -15 
-14  -10   -6   -7 

1 1 
7 
4 

12 
-7 
-4 

-33  -19  -13  -20 
-22  -15  -10  -15 
-11   -7   -6   -7 

8    7   13 
6    4    8 
3    2    4 

10 7 
5 5 
4   -5 

4 
3 

-4 

-7 
-4 

3 

16    8   10 
10    3    6 
4    3    0 

10 
8 
4 

21 
16 
9 

12 
7 
2 

-1 
-1 
-4 

21    8 
16    6 
9    1 

16    4 
10    1 
5   -2 

12 2 
8 0 
3   -3 

-7 
-6 
-e 

3 
1 

-4 

9    3 
6    I 
0   -4 

•15 -28 -35 
■10 -20 -26 
-5  -14  -18 

-22  -36  -45 
-17  -27  -33 
-9  -17  -22 

-2 
-4 
-7 

-16  -29  -37 
-10  -20  -26 
-5  -13  -18 

-3 
-5 
-8 

-20 -35 -43 
-15 -26 -32 
-8  -17  -22 

11 -2 -8 
7 -3 -8 
4   -5  -10 

10 0 -6 
5 -2 -7 
2   -4   -8 

-5 -11 
-5 -10 
-4   -8 

-9  -21  -28 
-6  -14  -19 

1   -3   -6 

-4 
-5 
-6 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

20 
15 
14 

19 
14 
14 

20 
15 
14 

19 
15 
14 

19 
15 
13 

17 
14 
14 

17 
14 
13 

16 
13 
12 

22 
18 
15 

22 
I 7 
15 

20 
15 
9 

20 
15 
9 

19 
14 
a 

20 
15 
10 

•HtÄOWlNDS—COMPUIEO FOR A  450-KT AIRSPEED. 
••A--OEVOTES ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

MINUS SIGNS DENOTE HEADWINDS.- 
THE BOEING COMPANY 

P*"   6l4 TRANSPORT DIVISION 

20 
16 
14 

165 N. 
12 
11 
9 

MI. 
19 
15 
12 

297 N.HI. 
19 11   18 
15 ,10   14 
13 9   12 

132 N.MI. 
20 11   19 
16 II   15 
14 9   12 

332 N.MI. 
19   11   18 
16 11   14 
13    9   12 

378 N.MI. 
19   11   18 
15 10   14 
13 9   12 

60 N.MI, 
17 II   16 
14 10   13 
13    9   12 

17 
14 
13 

15 
13 
1 1 

22 
18 
15 

92 N. 
10 
10 
9 

27 N. 
9 
8 
8 

MI, 
16 
13 
12 

MI . 
14 
12 
1 1 

22 N.MI. 
13 21 
12 16 
10   13 

83 N.MI. 
21 13 20 
17 12 15 
15   10   13 

17 
13 
9 

18 
15 
8 

I I 
12 
8 

18 
13 
8 

205 N. 
11 
9 
6 

MI. 
16 
12 
B 

150 N.MI. 
11   16 
9   12 
6    8 

222 N.MI. 
11   16 
9   1 1 
6    7 

336 N. 
11 
9 
6 

MI. 
16 
12 
8 

NO. 06-9176 
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fcOUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E 0 U I V A L E N T H E A D W I N D S» STANDARD DEVIATION 

IN 0   I R E C T R E T U R N 
FEET JAN APR  JUL OCT »»ASO A75 A85 JAN APR JUL OCT A50 A75 ASS JAN APR JUL  OCT 

 1  

LAS VEGAS TO SALT LAKE CITY 320 N.HI. 

lb,000    6 6   10 It 7 -U -10 -8 -8 -10 -5 -8 -18 -21* 19 17 11   16 

10,000    3 3   6 U I« -3 -7 -1* -l* -6 -l* -5 -12 -16 13 11 9   II 

5,000    U U    2 2 3 -! -1» -1* -5 -2 -2 -3 -8 -11 8 7 5    7 

LAS VEGAS TO SAN FRANCISCO 359 N.MI. 

15,000  -22 -18   -9 -11 -lU -26 -32 21 17 9 10 13 3 -3 20 17 11   16 

10,000  -IU -11   -4 -7 -8 -17 -22 13 11 I* 1 8 0 -i» 15 13 9   12 

5,000   -5 -5   -1» 0 -3 -9 -12 5 5 3 0 3 -2 -6 10 9 7    8 

LAWRENCE TO MANCHESTER 19 N.MI. 

15,000  -25 -21  -16 -16 -19 -33 -i»0 21 19 15 1U 17 l» -3 23 22 15   21 

10,000  -22 -16  -13 -13 -16 -27 -33 20 15 13 12 15 i» -2 18 18 12   16 

5,000  -12 -10   -8 -8 -9 -19 -21* 12 9 8 8 9 0 -5 16 16 12   13 

LAWRENCE TO WORCESTER 1*2 N.MI. 

15,000  -iM -22  -17 -23 -23 -37 -1*5 32 20 16 21 21 8 1 23 22 11»   21 

10,000  -23 -15  -12 -16 -16 -28 -31* 22 |i» 11 15 15 l« -1 18 18 12   16 

5,000  -12 -8   -8 -9 -9 -18 -21* 11 7 8 8 9 -1 -6 16 15 11   13 

LAWTON TO OKLAHOMA CITI 63 N.MI. 

15,000   20 15    U 7 10 -1 -6 -22 -16 -5 -8 -11 -2i» -32 20 18 11   17 

10,000  iu 11    U 6 8 -1 -5 -15 -12 -i» -7 -9 -19 -2i* 15 U 10   lU 

5,000    7 7   10 5 7 -1 -6 -8 -8 -10 -5 -8 -17 -21 11* 15 10   13 

LAWTON TO WICHITA FALL! 35 N.MI. 

15,000   -8 -5  -2 -1 -i» -15 -21 5 3 2 0 2 -9 -15 19 18 11   17 

10,000   -5 -6   -2 -2 -U -12 -17 l* 5 2 1 3 -6 -11 15 11» 10   13 

5,000   -5 -6   -9 -1» -6 -11» -19 i» 5 8 3 5 -3 -8 lU 11» 10   13 

LEBANON TO MANCHESTER 57 N.MI. 

15,000   20 18   15 13 16 3 -i» -23 -19 -16 -15 -18 -32 -39 23 22 15   21 

10,000   19 11*   12 12 1U 3 -2 -20 -15 -13 -13 -15 -26 -32 18 18 12   16 

5,000   11 9    7 7 8 -t -6 -12 -9 -8 -8 -9 -18 -2i* 16 15 11   13 

LEBANON TO MONTPELIER 36 N.MI. 

15.000   -9 -10   -8 -6 -8 -21 -29 i* 8 7 3 5 -8 -15 23 22 15   21 

10,000 -to -9   -8 -6 -8 -19 -25 7 7 7 5 7 -l» -10 18 18 13   16 

5,000   -1 -5   -U -3 -5 -11» -19 6 5 i» 3 l» -5 -10 16 16 12   13 

LEWISTON, TO PORTLAND, ME. 29 N.MI. 

15,000  -16 -6   -5 -11 -9 -23 -31 12 1« i* 8 6 -7 -11» 23 22 15   22 

10,000   -7 -2   -2 -5 -1» -15 -2 1 5 1 1 U 2 -8 -11« 18 18 13   16 

5,000   -2 -1   -3 -5 -2 -1 1 -16 1 0 2 2 1 -8 -13 16 16 12   13 

LEXINGTON TO LOUISVILLE 5i* N.MI. 

15,000  -39 -28  -1"« -21 -214 -39 -1*8 38 27 11« 20 23 10 l* 21 21 12   20 

10,000  -28 -21  -12 -16 -19 -30 -36 28 20 1 1 15 18 8 2 16 17 12   15 

5,000  -15 -11   -7 -a -10 -19 -2» 15 1 1 7 fl 10 1 -I« 15 15 10   13 

LINCOLN TO OMAHA 0 N.MI. 

15,000   31 21   17 21 22 10 3 -32 -22 -17 -22 -22 -36 -i»3 21 20 13   19 

10,000   22 15   1 1 U 15 6 0 -23 -16 -12 -15 -16 -26 -32 15 16 12   15 

5,000   10 8    6 9 8 -1 -5 -1 1 -8 -r -10 -9 -18 -23 in 15 11   13 

LITTLE ROCK TO MEMPHIS 113 N.MI. 

15,000   37 26    8 16 19 7 1 -38 -27 -8 -17 -20 -36 -i»i* 20 19 11   18 

10.000   26 tH    7 1 1 15 5 0 -26 -19 -7 -12 -15 -26 -32 11» 15 10   lU 

5,000 M 10    6 5 8 0 -5 -lU -1 1 -7 -5 -9 -18 -23 11» 11» 10   12 

HÜLL ROCK TO ST. LOUIS 
15,000 11«    8    U i« 
10,000 1 1    6    i* U 
5,000 6    5    >» 2 

LITTLt ROCK TO SHREVEPORT 
15.000 -22      -U   -»   -8 
10.000 -15  -It   -5   -5 
5.000 -9   -a   -6   -» 

.HeAOnINDS--COMPUlED FOR A  U50-KT AIRSPEED. 
..i-.DfMOItS ANNUAL EQUIVALENT HEAOWINUS FOR INDICATED PER CENT RELIABILITIES- 

MINUS SIGNS DENOTE HEADWINDS. 
THE BOEING COMPANY 
TRANSPORT DIVISION 

257 N.MI. 

7 -i» -10 -18 -10 -»« -6 -9 -21 -28 19 19   11   18 

6 -i -8 -12 -7 -u -5 -7 -16 -21 11« 15   11   U 

h -i» -9 -7 -5 -i« -i -5 -13 -18 in lU   10   12 

158 N.MI. 

11 -23 -30 20 1? } 6 9 -1 -7 19 18   11   17 
-a -18 -23 |i« 10 5 5 a -1 -6 1U lU   10   lit 
-r -15 -20 6 r 6 J A -? -6 11« U    9   12 

NO.  D6-9176 
PAGE      65 



EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEET 

E Q U I / A L E N T H £ A 0 W I N D S» STANDARD 

JAN  APR 

DEVIATION 
D I 

JAN  APR  JUL 
R E C T 
OCT ««ASO A75 A85 JAN APR 

R E 
JUL 

T U R 
OCT 

N 
A50 A75 A85 JUL  OCT 

LITTLE ROCK TO SPRINGFIELD, 
15,000  -11  -10   -U   -8 
10,000   -Ö   -6   -2   -5 
5,000   -3   -2    0   -2 

HO. 
-7 
-5 
-1 

-19 
-11» 
-10 

-26 
-19 
-15 

8 
6 
2 

8 
5 
1 

3 
1 
0 

7 
U 
1 

6 
U 
1 

-5 
-5 
-7 

-11 
-10 
-12 

20 
lit 
|i» 

19 
IS 
14 

161 N.MI. 
II   18 
11    14 
10   12 

LONG BEACH TO LOS ANGELES 
15,000  -21  -17   -5   -8 
10,000  -12  -11   -2   -5 
5,000   -6   -5   -3    0 

-II 
-7 
-3 

-2U 
-16 
-9 

-31 
-21 
-13 

20 
12 
5 

16 
11 

"» 

1» 
1 
3 

7 
It 
0 

11 
6 
3 

0 
-2 
-3 

-6 
-6 
-6 

21 
15 
10 

18 
11« 
9 

14 N.MI. 
II    16 
9   12 
7    9 

LONG BEACH TO SAN DIEGO 
15,000   15   12    0 
10,000   10  '9   -1 
5,000    5    5    1 

4 
2 
1 

6 
k 
3 

-U 
-1* 

-3 

-10 
-8 
-6 

-<7 
-10 
-6 

-13 
-10 
-5 

0 
1 

-1 

-5 
-3 
-1 

-7 
-5 
-3 

-19 
-lit 
-9 

-27 
-19 
-12 

20 
15 
10 

17 
13 
9 

Bl N.MI. 
11   15 
9   12 
6    8 

LOS ANGELES TO ONTARIO 
15,000   19   17    8 
10,000   10    9    1» 
5,000    i«    2    I» 

8 
6 

-3 

12 
7 
2 

1 
-1 

-k 
-6 
-8 

-20 
-1 1 

-18 
-10 
-2 

-9 
-5 
-U 

-9 
-6 
3 

-13 
-7 
-2 

-25 
-16 
-8 

-31 
-2 1 
-11 

21 
15 
10 

18 
14 
9 

40 N.MI. 
11    16 
9   12 
7    9 

LOS ANGELES TO PALM SPRINGS 
15,000   20   18    7    8 
10,000   12   10    3    6 
5,000    5    3    1»   -3 

12 
7 
2 

2 
-1 

-i» 

-5 
-7 

-21 
-J2 
-5 

-19 
-11 
-3 

-7 -9 
-6 
3 

-13 
-7 
-2 

-25 
-16 
-8 

-32 
-2 1 
-12 

20 
15 
10 

18 
13 
9 

95 N.MI. 
11   16 
9   12 
7   a 

LOS ANGELES TO PHOENIX 
15,000   21   18    6 
10,000   12   II    3 
5,000    3    3    2 

9 
6 

-U 

12 
/ 
1 

2 
0 

-1» 

-3 
-1» 

-7 

-22 
-13 
-3 

-19 
-11 
-3 

-7 
-U 
-2 

-9 
-6 

-13 
-8 
-1 

-25 
-16 
-6 

-32 
-20 
-9 

19 
11« 
9 

16 
12 
8 

320 N.MI. 
IÖ   15 
8   11 
6    8 

LOS ANGELES TO SACRAMENTO 
15,000  -16  -11   -2   -5 
10.000  -11   -9    1   -3 
5,000   -U   -i*   -3   -U 

-7 
-5 

-19 
-II* 
-9 

-26 
-19 
-13 

10 
1» 

10 
9 
U 

1 
-1 
3 

3 
3 

6 
k 
3 

-I* 

-1» 

-2 

-10 
-8 
-5 

20 
15 
10 

10 
14 
9 

309 N.MI. 
11    16 
9   12 
7    9 

/>■■ ■ 

LOS ANGELES TO SAN DIEGO 
15,000   16   13    0    U 
10,000   10   10   -1    3 
5,000    5    5    11 

7 
5 
3 

-3 
-14 

-3 

-9 
-8 
-6 

-17 
-1 1 
-6 

-1U 
-10 
-5 

-1 
1 

-1 

-5 
-3 
-1 

-8 
-5 
-3 

-20 
-U 
-9 

-27 
-19 
-12 

20 
15 
10 

17 
13 
9 

94 N.MI. 
11   15 
9   12 
6    8 

■■.::i LOS ANGELES TO SAN FRANCISCO 
15,000  -19  -1U   -U   -7 
10,000  -12  -11   -1   -5 
5,000   -5   -5   -3   -3 

-10 
-6 
-1« 

-22 
-16 
-10 

-29 
-21 
-13 

IB 
11 
5 

13 
10 
5 

1 
3 

6 

i 

9 
6 
14 

-2 
-3 
-2 

-7 
-7 
-5 

20 
15 
1 1 

IB 
14 
9 

295 N.MI. 
II    16 
9   12 
7    9 

'•:■' ■ ■ 

LOS ANGELES TO SANTA BARBARA 
15,000  -21  -18   -6   -8 
10,000  -12  -12   -2   -5 
5,000   -6   -1»   -U    0 

-12 
-7 
-3 

-21» 
-16 
-9 

-32 
-22 
-13 

20 
12 
5 

17 
11 

6 
2 
U 

7 
5 
0 

1 1 
7 
3 

0 
-2 
-3 

-5 
-6 
-6 

21 
15 
1 1 

18 
14 
9 

77 N.MI. 
11    16 
9   12 
7    9 

- 
LOS ANGELES TO TUCSON 
15.000   21   18    l» 
10,000   13   11    2 
5,000    1     1     1 

a 
5 

1 1 
7 
0 

1 
-1 
-5 

-It 
-it 

-8 

-22 
-13 
-1 

-19 
-1 1 
-1 

-I* 
-2 
-1 

-8 
-5 
u 

-12 
-7 
0 

-21» 
-15 
-5 

-31 
-20 
-8 

18 
1 i 

9 

16 
1 1 
8 

390 N.MI. 
10   14 
e     n 
5    B 

LOUISVILLE TO MEMPHIS 
15.000  -32  -21   -9  - 
10,000  -23  -lb   -8  - 
5,000  -12   -9   -5 

•15 
1 1 

-17 
-13 
-7 

-31 
-2M 
-16 

-U0 
-29 
-2 1 

30 
22 
1 1 

19 
1U 
8 

8 
7 
5 

13 
10 
5 

16 
13 
7 

5 
i 

-1 

-1 
-2 
-6 

19 
1U 
11« 

19 
15 
14 

277 N.MI. 
11    IB 
1 1    14 
9   12 

LOUISVILLE TO NASHVILLE 
15.000  -19  -10   -5 
10,000  -12   -7   -U 
5.000   -6   -1«   -3 

-8 
-6 
-5 

-9 
-7 
-u 

-22 
-17 
-12 

-29 
-22 
-17 

15 
10 
6 

8 
6 
u 

u 
2 

6 
5 
2 

8 
6 
3 

-1» 

-3 
-S 

-10 
-9 

-10 

20 
15 
IM 

20 
16 
14 

131 N.MI. 
12   19 
11   15 
10   13 

LOUISVILLE TO 0WENS80R0 
lb,000  -i«  -26  -13  - 
10,000  -<»?  -19  -1! 
5,000 -\h      -10   -7 

■20 

-8 

-2 3 
-17 
-9 

-57 
-28 
-1ft -2"» 

it 
27 
lu 

2M 
18 
10 

li 
10 
6 

19 
lu 

22 
17 
9 

9 
6 
0 

5 
1 

-1* 

20 
15 
15 

?1 
16 
IS 

73 N.MI. 
12   20 
12   15 
10   13 

•MEAUdlNOS—COMPUTED FOU A  4b0-KT AIRSPEED. 
••»--OEtOTES ANNUAL EQUIVALENT HEAOMlNOS FO» 

MINUS SIGNS DENOTE HEADWINDS. 

PA&t 66 

INDICATED PER CENT RELIABILITIES. 

THE BOEING CüMPANY 
TRANSPORT DIVISION 

NO. 06-9 176 
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bQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FO« GREAT CIRCLE AIR ROUTES 

.. 

HEIGHT E C U I V A L £ N T H E A 0 W I N D S» STANDARD DEVIATION 

IN D I R E C T R E T U R N 
FEET JAN  APR  JUL OCT • •A50 A7S A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL  OCT 

1 

LOUISVILLE TO ST. LOUIS 220 N.M!. 

15,000 -39  -27  -15 -2 1 -21» -38 -l»6 37 26 U 20 23 11 i« 20 20 12   19 

10,000 -20  -20  -12 -15 -18 -29 -35 27 20 11 15 18 8 2 15 16 11   15 

5,000 -15 -n  -7 -9 -10 -19 -21» 11» 10 6 8 9 1 -3 IU IU 10   12 

LUBBOCK TO MIDLAND 105 N.MI. 

15,000 -8   -7   -5 -2 -5 -16 -22 6 5 5 1 U -6 -12 19 17 11   16 

10,000 -6   -6   -H -3 -5 -13 -17 5 5 l» 2 1» -1» -8 |l» 13 10   12 

5,000 -7   -7  -10 -6 -8 -15 -19 6 7 10 5 7 0 -5 '^ 12 9   11 

LUBBOCK TO WICHITA FALLS 166 N.MI. 

15,000 30   2U    6 13 17 5 0 -31 -25 -6 -11» -17 -31 -39 19 IT It   16 

10,000 20   15    5 9 12 3 -2 -21 -16 -5 -9 -12 -22 -27 IU 13 10   13 

5,000 8    7    6 5 6 -2 -6 -8 -7 -7 -5 -7 -15 -19 IU tu 10   12 

MACON TO SAVANNAH 13U N.MI. 

15,000 30   25    6 13 17 5 0 -31 -26 -6 -11» -17 -32 -39 18 18 10   17 

10,000 21   17    h 8 12 2 -2 -22 -17 -5 -9 -12 -23 -29 IU 15 10   13 

5,000 9    8    1* 1« 6 -2 -6 -9 -8 -U -l» -6 -li» -18 13 12 9   12 

MACON TO WAYCROSS 107 N.MI. 

15,000 15   15    2 r 9 -2 -7 -18 -16 -3 -8 -10 -22 -29 18 18 10   16 

10,000 10   10    1 i» 6 -3 -8 -»2 -10 -1 -U -6 -16 -21 IU 15 10   13 

5,000 2    3    1 2 2 -6 -10 -3 -u -1 -2 -2 -10 -11» 13 12 9   12 

MADISOf« TO MILWAUKEE 6U N.MI. 

15,000 3U   22   19 22 21» 11 i» -35 -23 -20 -23 -25 -38 -t»6 21 21 IU   20 

10,000 26   17   15 17 18 8 2 -26 -18 -15 -17 -19 -29 -35 16 17 13   15 
5.000 14    8    7 10 10 0 -i» -U -9 -8 -II -10 -20 -25 15 16 11   tu 

MADISON TO ROCHfcSTER, MINN. 1U5 N.MI. 
15,000 -33  -22  -20 -22 -2U -37 -1*1» 32 21 19 22 23 1 1 U 20 20 13   20 

10,000 -25  -16  -15 -i r -18 -28 -31» 2i» 16 11» 16 17 7 2 15 16 13   15 
5,000 -13   -8   -7 -10 -10 -19 -2i» 13 7 7 10 9 0 -5 IU 15 11   IU 

MANCHESTER TO WORCESTER 51 N.MI. 

15,000 -20  -10   -8 -13 -12 -26 -31» 17 7 6 1 1 10 -3 -10 23 22 IU   21 

10,000 -11   -6   -U -8 -7 -18 -2ii 9 U 1» 7 6 -5 -11 18 18 12   16 
5,000 -5   -2   -U -U -U -13 -18 i» 2 3 I» 3 -6 -1 1 16 15 11   13 

MARTHAS VINEYARD TO NEW BEDFORD 22 N.MI. 

15,000 -25  -22  -15 -15 -19 -32 -1*0 21 20 11» 13 17 U -3 23 22 IU   21 
10,000 -22  -17  -12 -12 -15 -27 -33 20 16 12 1 1 11» 1« -2 18 18 12   16 
5,000 -12  -11   -8 -a -9 -19 -21» 1 1 10 7 7 9 -1 -6 16 16 11   13 

M6DF0RC TO SACRAMENTO 2U3 N.MI. 

15,000 10    6    2 u 5 -T -13 -12 -8 -2 -5 -6 -18 -25 22 19 12   18 
10,000 f                 M      0 2 3 -6 -11 -B -5 0 -3 -3 -13 -18 16 15 10   IU 
5,000 -1     -1       1» 0 1 -6 -9 0 1 -1» 0 -1 -7 -10 12 9 7    9 

MEDFORC TO SAN FRANCISCO 286 N.MI. 
15,000 5    3-1 0 1 -10 -16 -7 -i» 0 -2 -3 -15 -21 21 19 12   18 
10,000 U    2   -2 0 1 -8 -13 -5 -3 1 -1 -1 -11 -16 16 15 9   13 
5,000 -2-1    3 0 0 -6 -10 1 1 -3 0 -1 -7 -10 12 9 7    9 

MELBOURNE TO MIAMI 139 N.MI. 
15,000 I*    ij   -it -2 0 -a -13 -5 -5 it 2 0 -9 -Mt 15 ID 8   12 
10.000 -I    1-5 -u -2 -9 -13 0 -2 5 3 2 -5 -10 12 12 8   1 1 
5,000 -6   -1*   -5 -5 -5 -1 1 -15 6 U 5 u 5 -2 -5 11 10 7   10 

MELBOURNE TO ORLANDO U6 N.MI. 
15.000 -20  -18    1 -6 -9 -22 -28 19 17 -1 6 9 -1 -6 16 15 9   IU 
10,000 -10-10    i -2 -5 -|i» -19 10 10 -2 2 1» -U -8 13 13 B   12 
5,000 2   -2    1 i 1 -6 -10 -3 1 -1 -i -1 -8 -12 12 11 8   11 

MELBOURNE TO IAMP& 101 N.MI. 
15,000 -23  -21   -2 -9 -12 -2"» -31 23 20 2 9 12 2 -3 15 15 9   13 
10,000 -1U  -13   -1 -5 -T -16 -21 1 3 12 1 5 7 -1 -5 13 12 8   11 
5,000 -2   -5   -2 -? -3 -10 -13 2 5 1 2 2 -u -fl 11 1 1 8   1 1 

•MEADWlNDS--CüMPureo FOR A  U50-KT AIRSPEED. 
••A—DENOTES ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

MINUS SK.NS DENOIE HEADWINDS. 
THE BOEING COMPANY 
TRANSPORT DIVISION 

NO.  06-9176 
PAGE       6 7 



EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E 0 U I V A L E N T H E A 0 W I N D S» STANDARD 

JAN  APR 

DEVIATION 
IN 

FEET JAN  APR 
D I 

JUL 
R E C T 
OCT »«ASO A75 A85 JAN APR 

R E 
JUL 

T U R 
OCT 

N 
A50 A75 A85 JUL  OCT 

MELBOURNE TO VERO 
15,000    9    9 
10,000    3    l. 
5,000   -6   -3 

BEACH 
-3    1 
-k        -2 

3 
0 

-1» 

-6 
-8 

-11 

-11 
-12 
-15 

-11 
-3 
6 

-10 
-5 
2 

3 
U 
U 

-1 
1 
3 

-3 
0 
U 

-11» 
-8 
-3 

-20 
-13 
-7 

16 
13 
11 

15 
13 
11 

29 N.MI. 
9   13 
8   12 
8   11 

MELBOURNE TO WEST 
15,000    7    7 
10,000    1    3 
5,000   -7   -3 

PALM 
-1» 
-I* 
-U 

BEACH 
0 

-3 
-U 

2 

-5 

-7 
-8 

-11 

-11 
-12 
-15 

-9 
-2 
6 

-8 
-U 
3 

U 
U 
1» 

0 
2 
U 

-2 
1 
U 

-12 
-7 
-2 

-18 
-12 
-6 

15 
13 
11 

15 
12 
11 

90 N.MI. 
8   13 
8   1 1 
8   10 

MEMPHIS TO NASHVILLE 
15,000   37   25    9 
10,000   26   18    8 
5,000   1U   10    6 

16 
12 
5 

20 
15 
8 

7 
5 
0 

1 
0 

-5 

-38 
-27 
-IU 

-26 
-18 
-11 

-9 
-8 
-6 

-17 
-12 
-5 

-20 
-16 
-9 

-36 
-27 
-17 

-UU 
-33 
-23 

20 
15 
14 

19 
15 
IU 

173 N.MI. 
11   19 
10   IU 
9   12 

MEMPHIS TO NEW ORLEANS 
15,000   -9   -2    1 
10,000   -6   -3   -3 
5,000   -5   -1»   -3 

-1 
0 
0 

-2 
-3 
-3 

-13 
-1 1 
-1 1 

-19 
-16 
-15 

6 
U 
U 

0 
2 
3 

-1 
3 
3 

0 
-1 
0 

1 
2 
2 

-9 
-6 
-5 

-15 
-11 
-9 

17 
13 
13 

17 
IU 
13 

304 N.MI. 
10   16 
10   13 
9   12 

MEMPHIS TO PAOUCAH 
15,000   20   11 
10,000   IU    8 
5,000    7    6 

U 
U 
3 

7 
5 
2 

9 
8 
5 

-2 
-2 
-U 

-8 
-7 
-8 

-23 
-16 
-8 

-13 
-9 
-6 

-5 
-5 
-U 

-8 
-6 
-3 

-11 
-9 
-5 

-2U 
-19 
-IU 

-32 
-2U 
-19 

20 
15 
15 

20 
IS 
IU 

13U N.MI. 
11   19 
M   15 
10   13 

MEMPHIS TO ST. LOUIS 
15,000   -1   -3   -1 
10,000    0-2    0 
5,000    0    0    0 

-1» 
-2 
-1 

-2 
-1 
0 

-IU 
-10 
-8 

-20 
-15 
-13 

-3 
-2 

1 
1 

-1 

1 
0 

-1 

2 
1 
0 

0 
0 

-1 

-11 
-9 
-9 

-17 
-IU 
-13 

19 
IU 
IU 

19 
IS 
IU 

222 N.MI. 
12   19 
11   IU 
10   12 

MEMPHIS TO SHREVEPORT 
15,000  -31  -21   -5 
10,000  -22  -15   -6 
5,000  -12  -10   -6 

-12 
-8 
-u 

-16 
-12 
-8 

-30 
-22 
-16 

-38 
-27 
-21 

29 
21 
11 

20 
IU 
9 

5 
6 
6 

11 
8 
U 

15 
11 
7 

3 
2 

-1 

-2 
-2 
-5 

19 
IU 
IU 

18 
IU 
IU 

2U7 N.MI. 
11   17 
10   13 
9   12 

MERCED TO MODESTO 
15,000  -20  -U 
10,000  -13  -10 
5,000   -5   -i* 

-6 
-2 
-U 

-8 
-6 
-5 

-11 
-7 
-U 

-2U 
-17 
-1 1 

-31 
-22 
-IU 

18 
12 
4 

13 
10 
U 

5 
1 
U 

7 
5 
U 

10 
6 
U 

-2 
-3 
-2 

-8 
-7 
-6 

22 
16 
12 

19 
15 
10 

29 N.MI. 
12   18 
10   13 
7    9 

MERIDIAN TO MONROE 
15.000  -33  -26 
10,000  -23  -17 
5,000  -12   -9 

-6 
-1* 
-U 

-15 
-10 
-5 

-18 
-13 
-7 

-33 
-23 
-15 

-Ul 
-29 
-20 

32 
22 
11 

25 
16 
8 

6 
U 
u 

IU 
9 
U 

18 
12 

1 

6 
3 

-1 

0 
-2 
-6 

18 
IU 
IU 

18 
IU 
13 

167 N.MI. 
11   17 
10   14 
9   12 

MERIDIAN TO MONTGOMERY 
15,000   31   25    6 
10,000   23   17    5 
5,000   11    9    1* 

IU 
9 
U 

18 
12 
r 

6 
5 

-1 

0 
-2 
-6 

-35 
-23 
-11 

-26 
-17 
-9 

-6 
-5 
-U 

-15 
-10 
-5 

-18 
-13 
-7 

-33 
-2U 
-15 

-Ul 
-30 
-20 

18 
IU 
13 

16 
IS 
13 

119 N.MI. 
10   17 
10    14 
9   12 

MIAMI TO ORLANDO 
15,000   -8   -8 
10,000   -2   -3 
5,000    6    3 

k 
U 
U 

0 
2 
U 

-2 
1 
5 

-12 
-7 
-2 

-17 
-1 1 
-5 

7 
1 

-7 

7 
3 

-U 

-U 
-5 
-5 

0 
-3 
-U 

1 
-I 
-5 

-I 
-8 

-1 1 

-11 
-12 
-15 

15 
12 
1 1 

lu 
12 
10 

174 H.M1. 
8   12 
8   11 
7   10 

MIAMI TO   ST. PETERSBURG 
15,000  -15  -15    3 
10,000   -6   -7    U 
5,000    S    !    i» 

-u 
0 
J 

-6 
-2 

3 

-17 
-10 
-3 

-23 
-IU 

-1 

IU 
6 

-6 

IU 
7 

-I 

-3 
-u 
-u 

3 
0 

-u 

6 
1 

-U 

-1 
-6 

-10 

-8 
-10 
-IU 

15 
12 
11 

IU 
n 
10 

181 N.MI. 
«   12 
8   11 
7   10 

MIAMI TO TALLAHASSEE 
15,000  -15  -IU     1 
10,000   -r   -7    5 
5,000    U    0    3 

-u 
-1 
2 

-r 
-2 
2 

-17 
-1 1 
-U 

-23 
-15 
-8 

IU 
6 

-U 

13 
7 

-1 

-2 
-3 
-1 

u 
1 

-2 

6 
2 

-2 

-3 
-5 
-9 

-7 
-9 

-12 

IS 
12 
1 1 

IU 
12 
10 

350 N.MI. 
8   13 
8   1 1 
7   10 

MIAMI TO TAMPA 
15,000  -IU  -IU 
10,000   -6   -T 
5,000     5     1 

5 

U 
U 

-i 
0 
u 

-6 
-1 
U 

-17 
-10 
-3 

-23 
-IU 
-6 

11 
5 

-6 

13 
6 

-2 

-1 
-u 
-u 

i 
0 

-u 

5 
1 

-U 

-U 
-6 

-10 

-8 
-10 
-IU 

15 
12 
11 

lu 
1 1 
10 

177 N.MI. 
8   12 
8   11 
7   10 

•HtAUwINOS—COMPUTED FOR A  450-KT AIRSPEED. 
••A—OENOTtS ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

MINUS SIGNS DENOTE HtAOWlNDS. 

THE 80EING COMPANY 
PAGE   68 TRANSPORT DIVISION 

NO. 06-9176 

*lfr : ; 



I 
I 
I 

CQUIVALENT HEAOHINOS AMD STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HUGHT 
IN 

FtET 

£   Q  U   I   V   ALENT        HEADWINDS» 

JAN     APR 
DIRECT 

JUL     OCT   ••A50 A75  A85 

MIAMI TO WEST PALM BEACH 
1^,000    0    0    3'» 2 
10,000    3    2    U 1 3 
^.OOO    U    5    U U "♦ 

MIDLAND TO SAN ANGELO 
15,000   26   21    1 10 13 
10,000   16   12    2 6 8 
5,000    U    1   -2 -1 0 

MILWAUKEE TO MINNEAPOLIS 
15,000  -32  -21  -19 -22 -23 
10,000  -21*  -16  -15 -16 -1/ 
5,000  -13   -8   -7 -10 -9 

MILWAUKEE TO MUSKEGON 
15,000   3U   22   IV 21 23 
10,000   25   16   lU U 18 
5,000   l"»    8    8 10 10 

MILWAUKEE TO TOLEDO 
15,000   31*   23   18 21 23 
10,000   25   17   lU 16 18 
5,000   1U    9    7 9 10 

MINNEAPOLIS 10 OMAHA 
15,000  -11*  -10  -10 -10 -11 
10,000  -10   -6   -6 -6 -7 
5,000   -U   -3   -5 -i» -U 

MINNEAPOLIS TO ROCHESTER, MINN. 
15,000   18   12   II 13 13 
10,000   It   10    9 10 II 
5,000    8    5    3 6 6 

MINNEAPOLIS TO SIOUX FALLS 
15,000  -25  -16  -17 -20 -19 
10,000  -18  -il  -12 -13 -13 
5,000   -9   -5   -6 -8 -7 

MINNEAPOLIS TO WINNIPEG 
15,000  -20  -11*  -13 -16 -15 
10,000  -16  -10  -10 -12 -12 
5,000   -9   -5   -3 -8 -6 

MISSOULA TO SPOKANE 
15,000  -26  -16  -15 -21 -19 
10,000  -19  -12   -8 -11* -13 
5,000   -8   -5   -U -5 -5 

MOBILE TO MONTGOMEKY 
15.000   25   17    3 V 12 
10,000   17   I?    5 6 9 
5,000   10    8    U 3 6 

MOBILE TO NEW ORLEANS 
15,000  -30  -23   -3 -12 -16 
10,000  -20  -15   -U -I -11 
5,000  -II   -8   -H -i* -6 

MOBILE TO PENSACOLA 
15.000   28   23    H 12 15 
10,000   19   11*    2 t 10 
5,000    8    6    2 1» 5 

MODESTO TO STOCKTON 
15,000     -19      -in        -5 -8 -11 
10.000     -13     -10        -2 -5 -7 
5,000        -U        -U        -I» -5 -U 

-6 
-1» 

-2 

-36 
-27 
-18 

10 
7 
I 

1 1 
8 
I 

-22 
-16 
-12 

-32 
-23 
-16 

-2? 
-2 1 
-15 

-31 
-22 
-12 

-29 
-21 
-15 

i* 

0 
-3 

-23 
-17 
-1 1 

-10 
-8 
-6 

-U 
-5 

-1 1 

-1*3 
-33 
-23 

-29 
-21 
-17 

-38 
-28 
-21 

-3 3 
-26 
-20 

-38 
-27 
-16 

-l* 
-a 
-6 

■37 
-26 
-19 

-2 
-U 
-r 

• it 
-22 
-1U 

JAN      APR 
RETURN 

JUL      OCT        A50 A75  A85 

-2  -I 
-i  -2 
-I*   -5 

-35 
-26 
-U 

12 
8 
3 

-i» 
-l» 
-I» 

-20  -1"»  -12 
-16  -10   -9 
-9   -6   -3 

2i* 
17 
9 

18 
15 
8 

25 
19 
7 

-26 
-18 
-1 1 

29 
20 
I 1 

-29 
-IV 
-a 

IB 
12 

it 

15 
10 

i* 

13 
10 

i» 

15 
11 

l* 

-18 
-13 
-8 

22 
15 
a 

-21» 
-15 
-7 

1 S 
9 
II 

17 
1 I 
6 

1 1 
9 
3 

11* 
8 
I* 

-If 
-5 
-i* 

-27  -21   -1  -11 
-17  -12   -2   -6 
-5-2    2    0 

31 20 19 21 
23 15 II» 16 
13    7    7    9 

-23  -19  -22 
-17  -15  -17 
-8   -8-11 

-36 -2U -18 -22 
-26 -18 -11» -17 
-11»  -10   -8  -10 

-15 
-11 
-7 

18 
12 
8 

11* 
1 I 
7 

20 
lU 

i« 

•10 
-6 
-3 

I I 
6 
1* 

■12 
-8 
-U 

-3 
-I» 
-l» 

-lU 
-9 
-1 

22 
17 
9 

-2U 
-18 
-10 

-2U 
-18 
-10 

•15 
■12 
-6 

18 
13 
6 

11* 
11 
6 

18 
13 
5 

-I I 
•10 
-11 

-27 
-18 
-9 

10 
7 
0 

-38 
-29 
-19 

-38 
-29 
-19 

-27 
-22 
-16 

15 
10 
6 

16 
•10 
-5 

3 
1 

-2 

15 
•|i» 
•1U 

-35 
-23 
-13 

-1*5 
-35 
-25 

-i»5 
-35 
-21» 

-9 
-8 

■10 

-35 
-27 
-21 

0 
-2 
-7 

-3 
-3 
-8 

1 
0 

-6 

13 -26 -3"« 
•10 -20 -25 
-7  -15  -19 

-2 
-3 
-6 

■30 -37 
-21 -26 
-13  -18 

10 -2 -8 
6 -3 -8 
It   -2   -6 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

15 
12 
11 

18 
11* 
13 

20 
15 
II» 

21 
16 
15 

20 
16 
15 

19 
11* 
13 

20 
15 
11» 

20 
15 
11* 

18 
11* 
13 

19 
11* 
12 

1 7 
1U 
13 

17 
11* 
1 3 

17 
11* 
15 

22 
17 
12 

.HEADWINDS—COMPUTED FOR A  U50-KT AIRSPEED. 
..»--DENOTES ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES- 

MINUS SIGNS OENOFE HEAO-INOS. ^ ^^ ^^ 

TRANSPORT DIVISION 

11* 
II 
10 

16 
13 
13 

19 
16 
15 

21 
17 
16 

51» N.MI. 
8 12 
8   II 
7 10 

91» N.MI. 
11 16 
10 12 
8 II 

257 N.MI. 
13   19 
12 15 
11 13 

71* N.MI . 
m     20 
13 15 
II   !3 

200 N.MI. 
20 13 20 
17 12 15 
15   10   13 

288 N.MI. 
19 13   18 
15 12   1U 
|i»   II   13 

66 N.MI. 
20 lU   20 
16 13   15 
15   12   lU 

19 
15 
15 

18 
lU 
11* 

18 
13 
10 

171 N.MI. 
13 19 
12   15 
12 lU 

3U2 N.MI. 
13 17 
12 U 
12   lU 

151 N. 
13 
10 
9 

MI. 
18 
12 
1 I 

155 N.MI. 
17 10 16 
11* 10 13 
13    9   12 

1 12 N.MI. 
17 10 16 
11* 10 13 
13    9   12 

55 N.MI- 
17 10 16 
11» 10 13 
13    9   12 

20 
15 
10 

2 1 N.MI. 
12   18 
10   11» 
7    9 

NO.  06-9176 
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EQUIVALENT HEAOHIKOS AND STANDARO DEVIATION IN KNOTS FDR GREAT CIRCLE AIR ROUTES 

i 

HEIGHT 
IN 

FEET 

E Q U I V A L E N T 

JAN  APR 
0 I 

JUL 
R E C T 
OCT »«ASO ATS     A85 

MONCTON TO MONTREAL 
15,000 -65     -23  -23 -27 -26 -UO -l»7 
IOtOOO  -27  -16  -17 -20 -19 -30 -36 
5,000  -15  -10  -J2 -13 -12 -21 -26 

MONCTON TO ST. JOHN 
15,000  -30  -19  -17 -23 -22 -36 -Ui» 
10,000  -21  -12  -12 -15 -15 -26 -33 
5,000  -10   -7  -10 -10 -9 -19 -2U 

MONROE TO SHREVEPORT 
15,000  -33  -26   -6 -lit -18 -33 -UO 
10,000  -23  -17   -5 -9 -12 -23 -29 
5,000  -II   -9   -5 -5 -7 -16 -20 

MONTEREY TO SALINAS 
15,000   16   H«   10 9 12 0 -6 
10,000    9    8    6 6 7-2-7 
5,000    U    3    3 1 3 -i» -7 

MONTEREY TO SAN FRANCISCO 
15,000  -11»  -10   -3 -5 -7 -19 -26 
10,000  -10   -8    0 -3 -5 -11» -20 
5,000   -3   -l*   -i» -I« -I» -10 -II* 

MONTEREY TO SANTA BARBARA 
15,000   17   12    3 5 8-3 -8 
10,000   11   10    0 U 5-3 -8 
5,000    5    5    3 3 l» -2 -5 

MONTGOMERY TO PENSACOLA 
15,000  -16  -10   -2 -6 -T -19 -25 
10,000  -II   -8   -1» -3 -6 -15 -20 
5,000   -8   -6   -i» -2 -5 -13 -17 

MONTREAL TO NEW YORK 
15,000   -7    0    0-5 -2 -15 -22 
10,000   -12    2-2 0 -10 -16 
5,000    0    I    0 -I 0-8 -13 

MONTREAL TO OTTAWA 
15,000  -36  -23  -22 -26 -26 -UO -l»8 
10,000 -27      -16  -16 -20 -19 -31 -37 
5,000  -15  -10  -II -12 -12 -21 -27 

MONTREAL TO QUEBEC 
15,000   28   15   15 20 19 6 -1 
10,000   19    9   10 11» 13 2 -l» 
5,000    9    5    8 10 8-1-6 

MONTREAL TO SAGUENAY 
15,000   20    9    9 It» 12 0 -7 
10,000   12    i»    5 9 7-3-8 
5,000    5    3    5 7 5 -U -9 

MONTREAL TO ST. JOHN 
15,000   3»»   22   23 26 26 13 6 
10,000   27         16   17 20 19 9 l» 
5,000   lU    9   12 12 12 3 -2 

MONTREAL 10 TORONTO 
15,000  -36  -21  -20 -2U 
10,000  -26  -15  -11» -18 
5.000  -U   -9   -9 -II 

MUSCLt SHOALS TO NASHVILLE 
15,000         22         12           U fl 11 -I -? 
10,000         15           9           U 6 8-1-6 
5,000           «632 5 -U -8 

-21» -38 -i»6 
-18 -29 -35 
-II      -20     -25 

HEADWINDS* 

JAN     APR 
RETURN 

JUL     OCT        A50 A7S  ASS 

3U 
26 
11» 

28 
20 
9 

32 
22 
II 

-17 
-10 
-5 

12 
9 
3 

18 
12 
-6 

II» 
10 

2 
-I 
-I 

35 
26 
15 

-30 
-20 
-10 

-22 
-13 
-6 

31» 
25 
IU 

22 
15 
9 

17 
II 
6 

25 
16 
8 

-15 
-8 
-3 

-13 
-11 
-5 

-3 
-3 
-2 

22 
15 
9 

-16 
-10 
-6 

-I 1 
-5 
-3 

22 
16 
12 

16 
11 
10 

-10 
-6 
-3 

-l» 
-1 
-l» 

-1 
-3 
-I 

22 
16 
1 I 

-17 
-1 1 
-9 

-1 1 
-6 
-6 

20 
IU 
8 

19 
13 
9 

-25 -11» 
-17 -10 
-9   -7 

26 
19 
12 

22 
11» 
9 

11» 
9 
I» 

-10 
-7 
-1 

-6 
-U 
-1» 

25 
19 
1 1 

-22 
-15 
-10 

-16 
-10 
-8 

-35 -2U -23 -27 
-27 -17 -17 -20 
-15  -10  -12  -12 

23 
17 
I 1 

-5 -10 
-5 -7 
-3   -3 

26 
19 
12 

20 
IU 
8 

17 
12 
7 

-13 
-7 
-3 

-9 
-6 
-l» 

0 
-2 
-1 

25 
19 
II 

-21 
-11» 
-9 

-11» 
-9 
-6 

-25 
-17 
-9 

-6 
-5 
-3 

-2 1 
-16 
-1 1 

-l» 
-3 
-3 

■13 
■12 
■10 

12 
8 
2 

-35 
-25 
-18 

-28 
-19 
■15 

23 1 I 
17 7 
10    1 

-1 
-3 
-7 

0 
-2 
-6 

-32 
-22 
-13 

-12 
-10 
-6 

-29 
-21 
-IU 

-9 
-7 
-7 

■19 
17 
15 

5 
2 

-3 

-U2 
-31 
-23 

-35 
-25 
-20 

-27 -UO -U7 
-20 -31 -36 
-12  -21  -26 

U 
1 

-3 

-12 -26 -31» 
-9 -19 -25 
-5  -IU  -19 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

21 
17 
15 

23 
19 
16 

IB 
IU 
IU 

22 
17 
12 

22 
17 
12 

21 
16 
11 

17 
IU 
13 

21 
17 
15 

2? 
18 
16 

22 
18 
16 

?l 
1 7 
15 

21 
17 
15 

?1 
17 
15 

20 
IS 
iu 

tMEADWlNOS — COMPUTED FOR A  U50-«;I AIRSPEED. 
»*A—UtNOTtS AHNUAL EUUlVALENT HEADWINDS FOR INDICATED PER CENT REHA8ILITIES. 

MINUS SI'iNS DENOTE HtADWINOS- 
THE BOEING COMPANY 

PAGE    70 TRANSPORT DIVISION 

376 N.MI. 
20 IU 20 
16 12 IS 
IU   11   13 

23 
18 
16 

70 N.MI. 
16 22 
13 17 
12   IU 

90 N.MI. 
10 11 17 
IU 10 13 
IU    9   12 

13 N.MI. 
19 12 18 
15 10 13 
10    6   10 

19 
15 
10 

68 N.MI. 
12   16 
10   15 
8   10 

162 N.MI. 
18 11 17 
IU 9 13 
10    7    9 

117 N.MI. 
17 10 16 
IU 10 13 
13    9   12 

290 N.MI. 
21 IU   20 
17 12   15 
15 11   12 

81 N.MI. 
22 15   21 
18 13   16 
16 12   13 

130 N.MI. 
21   15   21 
17 13   16 
15 12   13 

21U N.MI. 
20 15   20 
16 12   16 
15   12   13 

331 N.MI. 
21 IU   20 
17 12   15 
15   11   13 

273 N.MI. 
21 IU 20 
17 12 lb 
15   11    13 

20 
16 
IU 

95 N.MI. 
II    19 
n  is 
10   13 

NO.  D6-9 176 
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EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

I 
I 
I 
I 
I 

HEIGHT E Q U I V _*-L- E N T H E A 0 W I N 0 $• STANDARD DEVIATION 
IN D I R e C T R E T U R N 

FfcET JAN APR  JUL OCT • •A50 A75 ASS JAN APR JUL OCT A50 *75 A85 JAN APR JUL  OCT 
i 

NASHVILLE TC ST. LOUIS 235 N.HI. 

15,000  -28 -21  -10 -16 -17 -30 -38 25 19 9 15 16 i» -2 19 19 12   19 
10,000  -20 -15   -7 -1 1 -13 -23 -29 19 II» 7 10 12 i -2 15 IS II   l<t 
5,000  -11 -8   -1» -6 -7 -15 -20 10 7 U 5 6 -2 -6 II» |l« 10   12 

NEW BEDFORD TO NEW YORK 
,- . - " IU2 N.HI. 

15,000  -39 -27  -18 -2i» -26 -i»0 -i»9 38 25 18 23 25 12 5 22 21 13  20 
10,000  -20 -20  -Ii» -18 -19 -31 -37 27 19 11» 17 18 8 5 18 18 12   IS 
5,000  -lU -11   -9 -10 -II -20 -25 II» 10 9 9 10 1 -i» 15 15 II   13 

NEW BE«N TO NORFOLK 117 N.HI. 

15,000   16 9    5 10 9 -2 -8 -19 -11 -5 -II -11 -23 -30 20 20 11   19 
10,000    9 8    U 6 6 -3 -8 -11 -9 -I» -7 -7 -17 -23 16 16 II   15 

5,000    5 I»    2 2 3 -5 -9 -6 -5 -3 -3 -U -12 -17 IU 13 10   13 

NEW HAVEN TC NEW YORK 56 N.HI. 

15,000  -ii» -21  -15 -21 -22 -36 -Ul» 32 19 |i» 20 20 7 0 22 22 13   21 
10,000  -23 -16  -11 -15 -16 -27 -33 21 15 10 15 15 U -1 18 18 12   16 

5,000  -12 -8   -7 -8 -8 -18 -23 II 7 7 7 8 -1 -6 15 15 11   13 

NEW ORLEANS TO SHREVEPORT 235 N.MI. 
15,000  -22 -19   -M -10 -13 -25 -32 20 18 i» 10 12 2 -1» 17 16 10   16 
10,000  -11» -11    0 -7 -8 -17 -22 13 to 0 6 7 -2 -6 13 13 10   13 

5,000   -5 -3    0 -3 -3 -11 -15 5 3 0 3 2 -5 -9 13 13 9   12 

NEWPORT NEWS TO NEW YORK 2U5 N.MI. 

15,000   23 13    9 IS IU 2 -i» -26 -15 -10 -16 -16 -29 -36 21 20 12   19 

10,000   15 10    6 10 10 0 -5 -17 -12 -7 -11 -11 -21 -27 16 17 11   15 
5,000    8 5    l» 5 5 -3 -8 -9 -6 -I» -5 -6 -|l» -19 It» IU 10   12 

NEWPORT NEWS TO NORFOLK 20 N.MI. 

15,000   2»» 22    9 1 1 15 3 -3 -27 -21» -10 -12 -17 -31 -39 21 21 12   19 

10,000   20 16    8 9 13 3 -3 -22 -17 -9 -10 -11» -25 -31 17 17 11   15 

5,000   11 9    5 1» 7 -2 -6 -11 -9 -5 -5 -7 -16 -21 15 IU 10   13 

NEWPORT NEWS TO WASHINGTON, D.C. • 106 N.MI. 

15,000   -9 -1 1   -1» -2 -6 -18 -25 l» 8 3 0 1» -8 -15 21 21 12   19 

10,000   -8 -7   -i» -3 -5 -15 -21 6 6 3 2 i» -6 -11 17 17 11   15 

5,000   -1» -k        -2 -2 -3 -12 -16 3 i» 2 1 3 -6 -11 II» IU 10   13 

NEW YORK TO NORFOLK 2S1 N.MI. 
15,000  -21» -13   -8 -15 -IK -2 7 -3"» 20 11 8 13 12 0 -6 20 20 12   19 
10,000  -15 -10   -6 -10 -10 -20 -26 12 9 5 9 8 -1 -6 16 17 11   15 

5,000   -8 -5   -U -I» -5 -13 -18 7 l» 3 1» i» -1» -8 IU IU 10   12 

NEW YOrtK TO PHILADELPHIA 80 N.HI. 

15,000  -38 -25  -16 -23 -21» -39 -l»7 36 23 16 22 23 10 3 22 22 13   20 

10,000  -26 -19  -12 -1 7 -18 -29 -35 25 18 12 16 17 6 1 17 18 12   15 

5,000  -lU -10   -7 -9 -10 -19 -21» 13 9 7 8 9 0 -5 15 15 11   13 

NEW YORK TO PROVIDENCE 125 N.HI- 

15,000   36 23   17 22 2 3 n U -38 -25 -17 -23 -25 -39 -l»7 22 21 13   20 

10,000   25 IB   13 17 17 7 1 -26 -19 -13 -17 -18 -29 -36 18 18 12   15 

5,000   13 9     8 V 9 1 -U -m -10 -8 -9 -10 -19 -21» 15 15 11   13 

NEW YORK TO PSITSBURGH 293 N.MI. 

15,000  -1*3 -29  -19 -25 -28 -K2 -50 "»2 28 19 2U 27 Ii» 8 21 20 12   19 
10,000  -31 -22  -15 -20 -21 -32 -38 30 22 15 19 21 1 1 5 16 17 11   15 

5,000  -16 -12   -9 -10 -12 -20 -25 16 12 9 10 11 3 -2 IU IU 10   12 

NEW YORK TO PORTLAND, ME. 238 N.MI, 

15,000   28 16   13 IB 18 6 -1 -31 -18 -11» -20 -20 -31» -111 22 21 13   20 

10,000   10 11     9 13 12 2 -3 -20 -13 -10 -11» -1» -21» -30 17 17 12   IS 

5,000    9 6     6 T 7 -2 -7 -10 -6 -7 -7 -8 -16 -21 15 15 11   13 

NEW YORK TO RALEIGH 370 N.HI. 

15.000  -30 -19  -11 -18 -18 -31 -39 2T 16 10 16 16 5 -1 20 19 11   18 
10,000  -20 -114    -8 -13 -13 -23 -29 18 13 a 12 12 3 -2 16 16 11   IU 

5.000 -10 -I         -5 -6 -7 -15 -20 10 7 5 5 6 -2 -6 m 13 9   12 

•HEADWINDS—COMPUTED FOR A  U50-KI AIRSPEED. 
••A--ÜENOTES ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

MINUS SICNS PtNOIE HEADWINDS.' 
THE BOEING COMPANY 
TRANSPORT DIVISION 

NO.  06-9176 
PAGE      71 



EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

■ 

HEIGHT 
IN 

FEET 

EOUIVALEN T   HEADWINDS« 

JAN  APR 
D I 

JUL 
R E C T 
OCT "ASO A75  ASS 

NEW YORK TO READING 
ISiOOO  -»»2  -30  -19 -25 
10,000  -31  -23  -15 -19 
5,000  -16  -12   -9 -10 

NEW YORK TO RICHMOND 
15,000  -32  -19  -12 -19 
10,000  -21  -15   -9 -13 
5,000  -11   -7   -5 -6 

NEW YORK TO ROCHESTER, N.Y. 
15,000  -30 -2k     -16 -17 
10,000  -23  -18  -13 -1U 
5,000  -13  -10   -8 -8 

NEW YORK TO SCRANTON 
15,000  -35  -27  -18 -20 
10,000  -27  -21  -15 -16 
5,000  -1U  -12   -9 -9 

NEW YORK TO SYRACUSE 
15,000  -22  -19  -13 -12 
10,000  -18  -15  -II -11 
5,000  -10   -9   -6 -6 

NEW YORK TO TORONTO 
15,000  -33  -25  -18 -19 
10,000  -25  -19  -IU -16 
5,000  -II»  -11   -9 -9 

NEW YORK TO WASHINGTON, D.C. 
15,000  -37  -2i»  -15 -22 
10,000  -26  -IB  -12 -17 
5,000  -13   -9   -7 -8 

NEW YORK TO WILMINGTON, DEL. 
15,000  -38  -25  -16 -23 
10,000  -26  -19  -12 -17 
5,000  -lU  -10   -7 -9 

MEW YORK TO WORCESTER 
15,000   29   17   13 18 
10,000   IV   12    9 13 
5,000   10    6    6 7 

NEW YORK TO YOUNGSTOWN 
15,000  -U2  -29  -19 -21» 
10,000  -30  -22  -16 -19 
5,000  -16  -12   -9 -10 

NORFOLK TO PHILADELPHIA 
15,000   I )    i»    i» 9 
10,000    6    U    2 5 
5,000    3    2    2 2 

NORFOLK TO WASHINGTON, D.C- 
15.000  -12  -13   -5 -U 
10,000  -II   -9   -5 -U 
5,000   -5   -5   -3 -2 

NORTH BAY TO SUOBURY 
15,000  -3»»  -21  -22 -23 
10,000  -25  -15  -16 -18 
5,000  -15   -9  -10 -II 

NORTH BAY tO tORONTO 
15,000   -»    I    2-3 
10,000   -3    I     1 "2 
5,000   - I    1    1-3 

-28 -US -51 
-21 -33 -39 
-12  -21  -26 

19 -33 -i»l 
■li» -25 -30 
-7  -16  -21 

-2 1 
-17 
-10 

-21» 
-19 
-1 1 

-16 
-13 
-8 

-23 
-18 
-10 

-23 
-17 
-9 

-21» 
-18 
-9 

IB 
13 
7 

-27 
-2 1 
-12 

-8 
-7 
-i» 

•25 
-18 
-1 1 

-1 
0 

-\ 

-31» -'»2 
-27 -33 
-18  -23 

-38 -46 
-30 -36 
-20  -25 

-29 
-21» 
-17 

-36 
-28 
-19 

-38 
-28 
-18 

-39 
-29 
-19 

-U1 
-32 
-20 

-5 
-5 
-6 

-20 
-17 
-12 

•38 
-29 
-21 

-1 I 
-10 

-36 
-30 
■22 

-i»3 
-3i» 
-2i» 

-i»6 
-35 
-23 

-l»7 
-35 
-21» 

-1 
-3 
-T 

-50 
-38 
-25 

II 
11 
1 1 

-27 
-23 
-17 

-U6 
-35 
-26 

-21 
-1 7 
-15 

JAN  APR 
RETURN 

JUL      OCT        A50 A75  A85 

hi 
30 
15 

27 
22 
12 

33 
26 
11» 

18 
16 
9 

30 
23 
13 

35 
21» 
13 

36 
25 
13 

-31 
-21 
-10 

i»l 
30 
16 

16 
-9 
-1» 

28 19 
22 15 
12    9 

33 
21» 
11» 

22 
17 
K 

26 
20 
11 

17 
13 
8 

23 
18 
10 

22 
17 
9 

23 
17 
9 

•19 
•11» 
-7 

28 
21 
12 

-7 
-6 
-2 

10 
7 
it 

20 
15 
9 

-U 
-3 
-? 

15 
13 
8 

17 
11» 
8 

12 
10 
6 

17 
11« 
8 

15 
11 
7 

15 
12 
7 

11» 
•10 
-6 

19 
15 
9 

-5 
-3 
-2 

22 
16 
10 

- i 
-2 
-1 

2U 
19 
10 

29 17 11 18 
19 13 8 13 
10    7    5    6 

16 
13 
7 

19 
15 
9 

10 
10 
5 

18 
15 
8 

21 
16 
8 

22 
16 
8 

-20 
-11» 
-7 

23 
19 
10 

■II 
-6 
-3 

22 
18 
10 

27 !•» 
21 10 
II    2 

18 
13 
7 

19 
16 
9 

1U 
12 
7 

21 
17 
10 

22 
16 
9 

23 
17 
9 

-20 
-11» 
-8 

26 
21 
11 

-9 
-6 
-3 

21» 
18 
1 I 

-2 
-1 
0 

23 10 
18 8 
10    1 

10 
6 
0 

10 
6 
0 

-31» 
-25 
-17 

1 I 
3 

-21 
-16 
-1 1 

-6 
-u 
-5 

1 1 
7 
I 

-|l» 

-12 
-9 

3 
1 

-5 

-i»2 
-31 
-22 

-28 
-2 1 
-16 

13 
•10 
•10 

i» 

1 
-it 

-21 
-17 
-m 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

101 N.MI. 
22 22 13 20 
17 18 12 15 
15   15   II   13 

21 
16 
11» 

21 
17 
15 

22 
17 
15 

22 
17 
15 

21 
16 
II» 

21 
17 
15 

22 
17 
15 

22 
18 
15 

21 
16 
11» 

21 
17 
|i» 

21 
17 
11» 

22 
17 
15 

22 
1 I 
IS 

250 N.MI. 
20 12   19 
17 11 15 
11»   10   12 

229 N.MI. 
21 13 20 
1? 12 15 
15   10   13 

103 N.MI. 
22 13   20 
18 12 15 
15   11 i 13 

182 N. 
21   13 
17   12 
15   11 

MI. 
20 
15 
13 

20 
17 
11» 

21 
17 
11» 

21 
18 
15 

21 
18 
15 

20 
1 7 
11» 

318 N.MI. 
13   19 
11 15 
10 12 

181» N.MI. 
12 20 
11 15 
10   13 

101 N.MI. 
13 20 
12 15 
10 13 

131 N.MI. 
13 20 
12   IS 
11 13 

315 N.MI. 
12 19 
11 15 
10   12 

185 N.MI. 
20 12 19 
17 11 15 
1U   10   13 

20 
i r 
in 

123 N.MI. 
12 19 
11   15 
10   13 

21 
J8 
16 

21 
18 
16 

59 N. 
15 
! 5 
1 1 

161 N. 
1U 
12 
11 

MI. 
21 
16 
1U 

Ml . 
21 
16 
1 i 

• HLAÜWINDS--COMPUIED F 0« A  1.50-KT AIRSPEED. 
».A--UfcN01tS ANNUAL ECJUIVALENT HEAOWINUS FOR INDICATED PER CENT RELIABILITIES. 

«INUS StUNS DENOTE HEADwINDSk 
tME BOEING COMPANY 
TRANSPORT DIVISION 

NO. 06-9 176 
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fcQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

i 
\ 

I 
I 
I 

HEIGHT E Q U I V A L t N T H E A 0 W I N D S» STANDARD 

JAN  APR 

DEVIATION 

IN 
FEET JAN  APR 

0 1 
JUL 

R E 
OCT 

C T 
• •A50 A75 A85 JAN APR 

R E 
JUL 

T U R 
OCT 

N 
A50 A75 A85 JUL  OCT 

OAKLAND 
15,000 
10,000 
5,000 

TO RENO 
12   10 
r         5 

11 
7 
0 

8 
6 
3 

10 
6 
3 

-1 
-2 
-3 

-8 
-7 
-7 

-II« 
-8 
-5 

-11 
-6 
-t» 

-1» 
-7 
0 

-9 
-6 
-3 

-11 -23 
-16 
-9 

-29 
-21 
-13 

22 
16 
11 

19 
15 
9 

157 N.MI. 
12   18 
9   13 
7    9 

OAKLAND 
15,000 
10,000 
5,000 

TO SAN FRANCISCO 
-16  -13  -10  -10 
-10   -8   -7   -7 
-5   -l»   -2   -2 

-12 
-7 
-3 

-21» 
-17 
-10 

-31 
-22 
-13 

IU 
9 
U 

12 

7 

i» 

10 
6 
2 

9 
6 
2 

11 
-2 
-l» 

-7 
-7 
-7 

23 
17 
12 

20 
15 
10 

9 N.MI. 
12   16 
10 IU 
8   10 

OCALA TO VERO BEACH 
15,000   17   15   -1 
10,000    8    9   -2 
5,000   -3    0   -2 

5 
1 

-1 

7 
3 

-2 

-2 
-5 
-8 

-7 
-9 

-12 

-18 
-9 
3 

-16 
-9 
-1 

1 
2 
2 

-5 
-2 

1 

-8 -20 
-12 
-6 

-26 
-17 
-9 

16 
13 
11 

15 
13 
11 

130 N.MI. 
9   13 
8   12 
8   11 

OKLAHOMA CITY TO 
15,000   28   21 
10,000   20   15 
5,000    9    9 

TULSA 
7 
6 
9 

13 
9 
6 

16 
12 
8 

4 
3 
0 

-1 
-2 
-5 

-30 
-2 1 
-10 

-22 
-16 
-9 

-8 
-6 
-9 

-11» 
-10 
-6 

-17 
-12 

-30 
-23 
-17 

-39 
-28 
-22 

20 
15 
11» 

19 
IU 
15 

97 N.MI. 
11   18 
11   11» 
10   13 

OKLAHOMA CITY TO 
15,000    2    2 
10,000    2    2 
5,000    2    1* 

WICHITA 
1 -1 

2 0 
6    2 

1 
1 

-10 
-7 
-5 

-16 
-12 
-10 

-5 
-3 
-3 

-l» 

-3 

-1» 

-2 
-2 
-6 

0 
-1 
-3 

-3 -IU 
-11 
-12 

-20 
-16 
-17 

20 
IU 
II» 

19 
lit 

11» 

135 N.MI. 
11   17 
11   11» 
10   12 

OMAHA TO SIOUX CITY 
15,000    Ü    1    2 
10,000   -1   -1    1 
5,000   -2    0    3 

-1 
-2 
0 

1 
0 
0 

-1 1 
-10 
-8 

-18 
-15 
-13 

-3 
-1 

1 

-3 

0 

-1 

-3 
-2 
-3 

-1 
0 
0 

-3 -IU 
-10 
-10 

-2 1 
-15 
-IU 

20 
15 
IU 

20 
15 
11» 

95 N.MI. 
13   19 
12   15 
11   13 

ONTARIO 
15,000 
10,000 
5,000 

TO PALM SPRINGS 
21   18    6 
12   11    3 
5    U    3 

8 
5 

-2 

12 
7 
3 

1 
-1 
-3 

-i» 

-5 
-7 

-22 
-13 
-5 

-19 

-11 

-1» 

-6 
-3 
-3 

-9 
-6 
2 

-13 -25 
-16 
-9 

-32 
-21 
-12 

20 
15 
10 

18 
13 
9 

57 N.MI. 
11   16 
9   12 
7    8 

ONTARIO 
15,000 
10,000 
5,000 

TO SAN FRANCISCO 
-20  -15   -5   -8 
-13  -11   -2   -5 
-6   -5   -"»   -3 

-11 
-7 
-U 

-23 
-16 
-10 

-30 
-21 
-13 

19 
12 
5 

11» 

1 1 

5 

5 
1 
3 

7 
5 
3 

10 -1 
-2 
-2 

-6 
-6 
-5 

20 
15 
10 

18 
11» 
9 

316 N.MI. 
II   16 
9   12 
7    9 

ORLANDO 
15,000 
10,000 
5,000 

TO SARASOTA 
-16  -11»   -t 
-11   -9   -U 
-6   -7   -U 

-8 
-6 
-1» 

-9 
-7 
-5 

-19 
-15 
-12 

-25 
-20 
-16 

15 
11 
6 

12 

9 

7 

1» 

i» 

i» 

8 
5 
1» 

0 
-1 
-2 

-l» 

-5 

-5 

15 
13 
12 

15 
12 
1 1 

91» N.MI. 
9   13 
8   1 1 
8   1 1 

ORLANDO 
15,000 
10,000 
5,000 

TO TALLAHASSEE 
-23  -20   -2 
-13  -12    0 
-1   -i*    0 

-« 
-It 
-2 

-12 
-7 
-2 

-21» 
-16 
-9 

-31 
-21 
-13 

21 
12 

1 

19 

11 

3 

1 

0 

0 

B 

i» 

1 

1 1 1 
-2 
-6 

-i» 

-6 

-9 

16 
13 
12 

16 
13 
11 

193 N.MI. 
9   IU 
9   12 
8   1 1 

ORLANDO 
15,000 
10,000 
5,000 

TO TAMPA 
-21  -IB 
-tU  -12 
-6   -7 

-3 
-3 
-5 

-10 

-6 

-U 

-12 
-8 
-6 

-23 
-17 
-12 

-29 
-2 1 
-16 

20 
IU 
5 

17 

1 1 

7 

3 

i 
i 

9 

6 

i 

1 1 2 
0 

-2 

-3 

-U 

-6 

16 
13 
12 

15 
13 
1 1 

72 N.MI. 
9   IU 
8   12 
8   ! 1 

ORLANDC 
15,000 
10,000 
5,000 

TO WEST PALM BEACH 
11   11   -3    2 

h            5   -U   -1 
-6   -2   -"*   -U 

0 
-h 

-5 
-7 

-10 

-9 
-1 1 
-lU 

-13 
-5 
6 

-12 

-6 

2 

i 
h 
1» 

-2 

1 

i 

-5 -15 
-9 
-i 

-2 1 

-IM 

-7 

15 
13 
11 

15 
12 
1! 

130 N.MI. 
8   13 
8   1 1 
8   10 

OTTAWA 
15,000 
10,000 
5,000 

TO SYRACUSE 
- 1 0   - 2   - 2 
-5    0    0 
-2    0-1 

-( 
-U 

- 5 

-5 

-? 
- ! 

-18 
-15 
-10 

-26 
-19 
-15 

6 
i 
1 

0 

-1 

-1 

1 
-1 
0 

S 
? 
2 

-10 
-10 
-a 

-18 

-15 

-13 

22 
17 
15 

22 
IB 
15 

133. N.MI. 
lu   21 
12   16 
11   13 

OTTAWA 
15,000 
10,000 
5,000 

TO TORONTO 
-5U  -20  -18 
-2U  -lU  -13 
-IK   -8   -8 

-23 
- 17 
-10 

-23 
-17 
-10 

-37 
-28 
-19 

-U5 
-31» 
-21» 

32 
23 
13 

IB 

1 5 

a 

17 
12 
8 

21 
16 
10 

21 
16 
9 

9 
5 
1 

2 
0 

-1« 

22 
17 
15 

21 
18 
15 

196 N.MI. 
IU   20 
12   15 
11   13 

•MtADW1NDS--C0MPUTED F0» A  U50-KT AIRSPEED. 
,,A-_0ENl0TfcS ANNUAL EQUIVALENT HEADWINDS FO« INDICATED PER CENT RELIABILITIES. 

MINUS SIGNS DENOTE HEADWINDS. 
THE BOEING COMPANY 
TRANSPORT DIVISION 

NO.  06- 
PAGE 

91 7ft 
73 



EQUIVALENT   HEADWINDS   AND   STANDARD   DEVIATION   IN   KNOTS   FOR   GREAT   CIRCLE   AIR   ROUTES 

HEIGHT 
IN 

FEET 

EQUIVALEN   T        HEADWINDS« 

JAN      APR 
DIRECT 

JUL      OCT   ••A50 A75  A85 

OTTAWA TO VAL-DOR 
lb,000  -16 -12 -\k     -11 -13 
10,000  -13 -10  -11  -10 -11 
5,000   -9 -6   -6   -U -6 

PALM SPRINGS TO SAN DIEGO 
15,000   -T -7   -8   -5 -7 
10,000   -3 -2   -5   -l* -"♦ 
5,000    2 i»   -l»    U 1 

PANAMA CITY TO PENSACOLA 
15,000  -29 -24   -l»  -12 -16 
10,000  -19 -15   -2   -7 -10 
5,000   -8 -7   -3   -1» -5 

PANAMA CITY TO TALLAHASSEE 
15,000   30 21»    U   12 16 
10,000   20 16    3    7 11 
5,000    9 8    3'* 6 

PANAMA CITY TO TAMPA 
15,000   19 17    I    T 10 
10,000   10 10   -1    U 5 
5,000    0 2-11 0 

PHILADELPHIA TO PITTSBURGH 
15,000  -U3 -30  -19  -24 -27 
10,000  -31 -23  -15  -19 -21 
5,000  -16 -13   -9  -10 -11 

PHILADtLPHIA TO RICHMOND 
15,000  -28 -16  -10  -17 -17 
10,000  -18 -12   -7  -12 -12 
5,000   -9 -6   -U   -5 -6 

PHILADELPHIA TO ROCHESTER, N.Y. 
15,000  -20 -18  -11  -10 -14 
10,000  -16 -13  -10   -9 -12 
5,000   -9 -8   -6   -5 -7 

PHILADELPHIA TO SCRANTON 
15,000   -9 -11   -6   -3 -7 
10,000   -9 -9   -6   -4 -7 
5,000   -5 -6   -3   -3 -4 

PHILADELPHIA TO SYRACUSE 
15,000   -8 -10   -5   -3 -6 
10,000   -7 -Ö   -5   -4 -6 
5,000   -4 -5   -3   -2 -3 

PHILADELPHIA TO WASHINGTON, D.C. 
15.000  -37 -25  -15  -22 -23 
10,000  -25 -18  -11  -16 -17 
5,000  -13 -9   -7   -8 -9 

PHILADELPHIA TO WILLIAMSPORT 
15.000  -29 -23  -14  -15 -19 
10,000  -22 -18  -12  -13 -16 
5,000  -11 -10   -7   -7 -9 

PHILADELPHIA TO Y0UN6STOWN 
15,000  -41 -29  -18  -23 -26 
10,000  -29 -22  -15  -19 -2 1 
5,000  -15 -12   -9  -10 -11 

PHOENIX TO SAN DIEGO 
15,000  -22 -19   -7   -9 -1* 
10,000  -12 -10   -4   -6 -8 
5,000   -2 -3   -3    5 -1 

-26 
-21 
-15 

-17 
-1 1 
-5 

-30 
-20 
-13 

-42 
-32 
-20 

-30 
-22 
-15 

-2 7 
-22 
-15 

-20 
-i r 

•19 
■16 
-12 

-3 7 
-28 
-18 

-33 
-27 
-18 

-41 

-20 

-24 
-16 
-6 

-33 
-27 
-2 1 

-23 
-16 
-8 

-37 
-26 
-17 

-1 
-3 
-6 

-5 
-7 
10 

-51 
-39 
-25 

-38 
-28 
-20 

-34 
-28 
-20 

-27 
-23 
-18 

-26 
-22 
-1 7 

-45 
-34 
-23 

-4 1 
-33 
-23 

-49 
-37 
-25 

-51 
-20 
-9 

JAN  APR 
RETURN 

JUL      OCT        A50 A7S     ASS 

12 
12 

8 

5 
2 

-2 

28 
19 

7 

-30 
-20 
-9 

-20 
-1 1 

0 

42 
30 
16 

24 
16 

8 

16 
14 

8 

34 
24 
12 

25 
20 
11 

39 
29 
15 

21 
12 

2 

11 
9 
5 

2 3 
15 

6 

-24 
-16 
-8 

-18 
-10 
-2 

29 
22 
12 

14 
II 

6 

15 
12 

7 

21 
17 

9 

21 
17 
10 

28 
21 
12 

12 
10 
6 

-4 
-3 
-4 

18 
15 

8 

10 
9 
5 

14 
11 

6 

13 
12 

7 

18 
15 

8 

18 
10 

2 

5 
3 

-4 

12 
7 
4 

13 
-8 
-4 

-8 
-4 
-1 

2 3 
19 
10 

15 
1 i 

5 

21 
15 

7 

13 
12 

7 

21 
18 

9 

1! 
10 

6 

6 
3 

-1 

15 
10 

5 

■16 
•11 
-6 

■10 
-5 
-1 

26 
21 
11 

15 
11 

6 

12 
10 
6 

21 
16 

8 

17 
15 

8 

25 
20 
II 

12 
7 
1 

-4 
-5 
-8 

4 
1 

-3 

-30 
-2 1 
-14 

-22 
-14 
-8 

14 
11 

3 

3 
1 

-3 

13 
10 

2 

-8 
-6 
-9 

•10 
■10 
•11 

-37 
-27 
-18 

-29 
-19 
-12 

8 
5 

-2 

-3 
-4 
-7 

-7 
-5 
-7 

•15 
•I I 
10 

16 
1 1 
1 1 

STANDARD   DEVIATION 

JAN     APR      JUL      OCT 

21 
17 
15 

20 
15 
10 

17 
14 
13 

17 
14 
13 

16 
13 
12 

21 
16 
14 

21 
17 
14 

21 
17 
15 

22 
17 
15 

21 
17 
15 

21 
17 
15 

22 
17 
15 

21 
16 
14 

186 N.MI. 
20 15 20 
17 12 16 
15        11 U 

17 
13 

9 

1 7 
14 
12 

15 
13 
I 1 

21 
17 
14 

74   N. 
11 

9 
6 

MI. 
15 
12 

8 

80   N.MI. 
10 16 
10 13 

9 12 

70  N.MI. 
17 10 16 
14 9 13 
12 9 12 

213 N.MI. 
9 14 
9 12 
8 1 I 

231   N. 
12 
II 
10 

MI. 
19 
15 
12 

173  N.MI. 
21 12 19 
17 11 15 
14 10 13 

223   N.MI. 
21 13        20 
17 12        15 
15 10        12 

99   N.MI. 
22 13        20 
18 12        15 
15        10        13 

198   N.MI. 
21 13        20 
17       12        15 
15        10        13 

104   N.MI- 
21        13        20 
17 12 15 
15        10        13 

112   N.MI. 
21 13        20 
18 12        15 
15        10        13 

21 
1 7 
14 

262   N.MI. 
12 19 
II 15 
10 12 

3 -5 19 16 
0 -4 14 12 

-5 -8 9 8 

263 N, 
10 

8 
6 

MI. 
15 
I I 

8 

•HtAOMlNDS--COMPUtED   FOR   »      450-KI    AIRSPEED. 
,,»—DENOTES   ANNUAL   EOUIWALtNl   HEADWINDS   FOR    INDICATED   PER   CENT   RELI AbILITI ES. 

MINUS   SIGNS   OENOIE   HEADWINDS. 
THE   BOEING   COMPANY 

PH.t r4 IRANSPORT   DIVISION 
NO. 06-9 176 

Ä-. , 



I 
i EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

| .... 

: 

!: 

I 

HEIGHT E Q U I V A L E N T H E A D W I N 0 S» STANDARD DEVIATION 
IN 0 I R E C T R E T U R N 

FEET JAN  APR  JUL OCT • •A50 A75 A85 JAN APR JUL OCT A50 A75 AÖ5 JAN APR JUL  OCT 

PHOENIX TO TUCSON 96 N.MI. 

15,000   13   10   -4 ■t U -6 -11 -15 -11 i -it -5 -17 -2«» 19 16 10   15 

10.000    8    6-2 I 3 -5 -9 -9 -r 2 -1 -3 -11 -16 lit 11 9   11 

5,000   -5  -5  -it -3 -1» -9 -12 It u l» 3 it -1 -3 9 8 5    8 

PIERRE TO RAPID CITY 121 N.MI. 
15,000  -26  -17  -19 -24 -21 -33 -l»0 25 17 19 23 21 9 3 19 19 13   18 
10,000  -19  -11  -12 -U -U -23 -28 IB 10 12 13 13 l» 0 lit lit 11   Ht 
5,000  -11   -6   -5 -8 -8 -16 -21 11 5 5 8 7 -1 -6 13 13 12   13 

PIERRE TO SIOUX FALLS 160 N.MI. 
15,000   28   19   18 2lt 22 11 It -29 -20 -19 -25 -23 -35 -It2 19 19 13   18 
10,000   22   13   13 16 16 6 1 -22 -lit -11» -16 -16 -26 -31 11» 15 12   lit 
5,000   12    6    5 10 8 -1 -6 -12 -7 -5 -10 -9 -18 -23 13 11» 12   lit 

PITTSBURGH TO RALEIGH 285 N.MI. 
15,000    5    9    3 0 It -7 -1U -10 -11 -i» -2 -6 -18 -25 20 20 11   19 
10,000    6   6   4 2 5 -5 -10 -8 -8 -5 -U -6 -15 -21 15 16 11   IU 
5,000    3    i»    3 2 3 -5 -10 -it -It -3 -2 -3 -11 -16 lit 13 9   12 

PITTSBURGH TO ROANOKE 190 N.MI. 
15,000   -2    U    1 -i» 0 -12 -19 -it -7 -1 2 -2 -lit -21 2T 21 12   19 
10,000    1    3    2 0 2 -8 -11» 3 -5 -3 -1 -3 -13 -18 16 17 11   15 
5,000    0    2    2 0 1 -7 -12 -1 -3 -2 -1 -2 -10 -U 11» 11» 9   12 

PITTSBURGH TO TOLEDO 175 N.MI. 
15,000  -39  -27  -18 -22 -25 -i»0 -lt8 38 26 17 21 2U 12 5 21 21 13   20 
10,000  -28  -20  -15 -18 -20 -31 -36 27 20 11» 17 19 9 3 16 17 12   15 
5,000  -15  -11   -8 -10 -11 -19 -21» lit 11 8 9 10 2 ^-3 15 15 10   13 

PITTSBURGH TO WASHINGTON, D C. 177 N.MI. 
15,000   3U   26   11« 1 7 21 9 3 -36 -27 -15 -18 -23 -37 -i»5 21 21 12   20 
10,000   25   20   13 15 18 8 2 -26 -21 -lU -16 -18 -29 -35 16 17 11   15 
5,000   13   11    7 8 9 1 -3 -11» -11 -7 -8 -10 -19 -23 11» |l« 10   12 

PITTSBURGH TO WILLIAMSPORT 156 N.MI. 
15,000   UO   25   18 2U 25 13 6 -i»2 -26 -18 -25 -26 -Ul -50 21 21 13   20 
10,000   29   19   lit 19 19 9 3 -29 -20 -IM- -19 -20 -31 -37 17 17 12   15 
5,000   15   10    8 10 10 2 -3 -16 -11 -8 -10 -11 -20 -25 15 15 10   13 

PITTSBURGH TO YOUNGSTOWN 52 N.MI. 
15,000  -20  -17   -9 -8 -13 -26 -31» 15 1U 8 6 10 -2 -9 22 22 13   20 
10,000  -lU  -12   -9 -9 -1 1 -21 -27 11 1 1 8 7 9 -1 -7 17 18 12   16 
5,000   -7   -7   -5 -It -6 -11» -19 6 6 I» i» 5 -i» -8 15 15 10   13 

POCATELLO TO SALT LAKE CITY 131 N.MI. 
15,000    9    4-1 5 U -7 -13 -11 -5 1 -6 -5 -17 -23 19 17 12   17 
10,000    6    2-2 i 2 -6 -10 -7 -3 1 -3 -3 -11 -15 13 12 10   11 
5,000   -8   -U   -1» -5 -5 -1 1 -1U 8 l» l» 5 5 0 -3 9 8 6    8 

PORTLAND, ME. TO WATERV1LLE 60 N.MI. 
15,000   21    11    10 15 11« 0 -7 -21» -13 -1 1 -17 -16 -30 -38 23 22 15   21 
10,000   12    6    5 9 8 -3 -9 -14 -7 -6 -10 -9 -20 -26 18 18 12   16 
5,000    5    3    5 5 k -5 -10 -6 -i» -6 -6 -5 -15 -20 16 15 12   13 

PORTLAND, ORE. TO RENO 386 N.MI. 
15.000   11    6    2 5 5 -6 -12 -13 -7 -3 -6 -6 -18 -25 20 19 12   18 
10,000    6    3    0 5 i -6 -10 -7 -l» -1 -U -3 -12 -17 15 |l» 10   13 
5,000   -2   -1    i* -2 0 -6 -10 2 1 -M 1 0 -6 -10 11 9 7    9 

PORTLAND, ORE. TO SALEM l«3 N.MI. 
15,000   -9   -8   -r -10 -8 -21 -28 6 7 6 8 7 -6 -13 22 21 11»   20 
10,000   -V   -8   -U -6 -7 -16 -22 8 7 ■t 6 6 -t -9 17 15 11   IS 
5,000   -1   -5    2 -6 -J -1 1 -15 7 M -3 5 i -I» -8 13 1 1 8   11 

PORTLAND, ORE. TO SEATTLE 1 13 N.MI. 
15,000   -2    2    2 ? 1 -11 -18 -1 -l» -3 -U -i -15 -22 22 20 U   19 
10,000    2    it    1 2 2 -7 -12 -U -u -2 -3 -i -12 -17 16 11» 11    lit 
5,000 6    t   -2 5 9 -5 -8 -6 -U 2 -5 -3 -1 1 -15 13 1 1 8   11 

•MEAOWINOS—COMPUTED FOR *  USO-KT AIRSPEED. 
••A--0tNOTfcS ANNUAL EQUlVALEHT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

M1VUS SIGNS DENOTE HEADWINDS* 
THE BOEING COMPANY 
TRANSPORT DIVISION 

NO.  06-9 176 
PAGE      75 
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EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E Q U I V A L E N T H E A 0 W I N 0 S» STANDARD 

JAN  APR 

DEVIATION 

IM 
FEET JAN  APR 

D I R E C 
JUL  OCT • 

T 
• A50 A75 A85 JAN APR 

R E 
JUL 

T U R 
OCT 

N 
A50 A75 A85 JUL  OCT 

PORTLAMO, ORE. TO 
15,000   19   U 
10,000   15   11 
5,000    9    6 

SPOKANE 
111   18 
7   11 
1    6 

16 
n 
5 

It 
2 

-2 

-2 
-2 
-5 

-20 
-16 
-9 

-15 
-12 
-6 

-1U 
-8 
-1 

-19 
-1 1 
-6 

-17 
-11 
-5 

-29 
-21 
-12 

-35 
-26 
-16 

20 
15 
12 

19 
13 
'0 

239 N.MI. 
13   18 
10   13 
8   10 

PORTLAMO. ORE. TO 
15,000   18   lit 
10,000   15   12 
5,000    8    6 

YAKIMA 
13   17 
7   I 1 
0    6 

15 
11 
it 

3 
2 

-2 

-it 
-3 
-6 

-20 
-16 
-8 

-15 
-12 
-6 

-IU 
-7 
0 

-19 
-11 
-6 

-16 
-11 
-5 

-29 
-21 
-12 

-36 
-26 
-16 

21 
16 
13 

20 
11» 
10 

101» N.MI. 
lit   19 
11    11» 
8   1 1 

PRINCE 
15,000 
10,000 
5,000 

GEORGE TO 
M   -1 
1   -2 

-5   -6 

OUESNEL 
I   -1 
1   -1 

-1   -U 

1 
0 

-11 
-9 

-12 

-17 
-lit 
-17 

-5 
-3 
5 

0 
1 
5 

-2 
-2 

1 

-1 
0 
It 

-2 
-1 
U 

-13 
-10 
-it 

-20 

-9 

20 
16 
lit 

18 
13 
12 

lt8 N.MI. 
15   17 
11   13 
10   13 

PRINCE 
15,000 
10,000 
5,000 

GEORGE TO 
-20  -It 
-IU   -8 
-5   -1 

SMITHERS 
-8  -16 
-7  -13 
-3   -5 

-13 
-10 
-3 

-25 
-20 
-11 

-32 
-25 
-15 

18 
lit 

ID 
8 
0 

7 
7 
3 

16 
12 

it 

12 
10 
3 

1 
1 

-5 

-5 
-U 
-9 

20 
16 
lit 

17 
13 
12 

167 N.MI. 
lit   17 
11   13 
10   12 

PRINCE 
15,000 
10,000 
5,000 

GEORGE TO 
-1   -4 
-i        -U 
-7        -6 

VANCOUVER 
-2   -1* 
-1   -it 
-2   -6 

-3 
-3 
-5 

-U 
-12 
-13 

-20 
-16 
-17 

-1 
2 
6 

2 
it 
6 

I 
0 
2 

3 
3 
6 

1 
2 
5 

-10 
-7 
-3 

-17 
-11 
-7 

20 
16 
13 

18 
1 3 
1 1 

283 N.MI. 
lit   17 
11   13 
9   12 

PRINCE 
15,000 
10,000 
5,000 

RUPERT TO 
-15 .-15 
-\i     -12 
-9   -8 

SANOSPIT 
-It  -18 
-6  -16 
-5   -9 

-13 
-12 
-8 

-27 
-22 
-16 

-3it 
-28 
-2 1 

lit 
13 
8 

lit 
12 
8 

«1 
6 
5 

17 
16 
V 

12 
1 1 
7 

-1 
1 

-1 

-8 
-U 
-6 

2 3 
18 
15 

19 
15 
12 

79 N.MI. 
16   19 
12   11* 
10   13 

PRINCE 
15,000 
10,000 
5,000 

RUPERT TO 
18   13 
1U    9 
6    i 

TERRACE 
6 17 
7 1U 
U    5 

1 3 
11 
5 

0 
1 

-it 

-6 
-U 
-8 

-20 
-15 
-6 

-lit 
-10 
-3 

-6 
-a 
-5 

-18 
-15 
-6 

-lit 
-11 
-5 

-27 
-21 
-13 

-3U 
-27 
-18 

22 
18 
15 

19 
14 
12 

66 N.MI. 
15   18 
11    11* 
10   13 

PROVIDENCE TO WASHINGTON, D. 
15,000 -il     -21  -16  -2i 
10,000  -26  -IB  -12  -If 
5,000  -li  -10   -7   -9 

C. 
-ZU 
-18 
-10 

-38 
-28 
-18 

-U6 
-3lt 
-23 

36 
25 
13 

2 3 
ir 
9 

16 
12 

7 

22 
16 
8 

25 
17 
9 

10 
7 
I 

it 
2 

-it 

21 
17 
1U 

20 
17 
lit 

309 N.MI. 
12   19 
11   15 
10   12 

PUEBLO 
15,000 
10,000 
5,000 

TO SANTA Ft 
-11   -9   -8   -5 

-b        -6   -5   -H 
-6   -(        -1        -6 

-8 
-5 
-7 

-19 
-13 
-13 

-25 
-17 
-16 

8 
5 
6 

8 
5 
6 

8 
5 
7 

U 
it 

6 

7 
5 
6 

-3 
-3 
0 

-9 
-8 
-3 

19 
lit 
10 

17 
12 
10 

178 N.MI. 
11    16 
10   12 
7    9 

QUtBEC 
15,000 
10,000 
5,000 

TO SAGUENAY 
8    2     0    U 
2   -1   -t     2 

-1   -I     13 

ä 
0 
1 

-10 
-10 
-9 

-17 
-15 
-lit 

-11 
-U 
0 

-3 
0 
0 

-2 
0 

-2 
-3 
-It 

-5 
-2 
-I 

-19 
-12 
-1 1 

-26 
-18 
-16 

22 
18 
16 

21 
16 
15 

103 N.MI. 
16   21 
13   16 
12   11* 

OUtHEC 
15,000 
10,000 
5,000 

TO SEVEN ISLANDS 
21*     i2     i3     ir 
15    6    9   13 
H     K     8    10 

16 
10 
/ 

1 
-2 

-3 
-5 
-7 

-25 
-17 
-9 

-13 
-r 
-5 

-15 
-10 
-B 

-19 
-in 
-1 1 

-18 
-11 
-8 

-31 
-22 
-17 

-38 
-28 
-23 

21 
17 
15 

20 
U 
15 

285 N.MI. 
15   20 
13   16 
12   11 

QUtSNEL TO WILLIAM LAKE 
15,000    B   2   3    3 
10,000    l*    1    5    2 
5,000   -i   -5   -1   -1 

it 

? 
-5 

-a 
-! 

-1 1 

-1U 
-1 1 
-15 

-10 
-6 
3 

-3 
-1 
u 

-3 
-5 
0 

-5 
-3 
3 

-5 
-3 
2 

-17 
-12 
-5 

-2U 
-17 
-10 

20 
16 
13 

18 
13 
12 

57 N.MI. 
15   18 
11   13 
10   12 

RALtlUH TO RICHMOND 
15,000   25   15    8   Id 
10,000   16   12    6   10 
5,000    9    6    5    u 

10 
5 

1 
-3 

-3 
-V, 

-7 

-28 
-18 
-9 

-18 
-13 
-7 

-B 
-7 
-U 

-15 
-11 
-u 

-16 
-12 
-6 

-29 
-22 
-11* 

-37 
-28 
-19 

20 
16 
lit 

20 
16 
1 1 

121 N.MI. 
12    19 
11    15 
9   13 

RALEIGH TO MASHIMGION. O.C. 
15,000    lb    9    6   12 
10,000   11    B    •»    fl 
5,000    6     ta    2     1 

10 -I 
-2 
-it 

-7 
-7 
-9 

-22 
-13 
-r 

-12 
-9 
-5 

-I 
-5 
-3 

-13 
-9 
-it 

-12 
-9 

-25 
-19 
-13 

-33 
-21» 
-\7 

20 
16 
It 

20 
16 
1 < 

197 N.MI. 
12   19 
11   IS 
9   12 

•HCAOWINOS—COMPUTED FOR A  HSO-KT AIRSPEED. 
••A—OtNOIES ANNUAL EUUIVALENT HEADWINDS FOR INDiCATEO PER CENT RELIABILITIES. 

»UNUS SIGNS DENOTE HtAOWINDS. 
THE BOEING COMPANY 

pAüt    ;6 IRANSPORt DIVISION 
NO.  06-9 176 



I 
I 
! 

I 
J 
I 

I 
I 

EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS =OR GREAT CIRCLE AIR ROUTES 

HEIGHT E Q U I V A L E N T H E A 0 W I N D S ■ STANDARD 

JAN  APR 

DEVIATION 
IN 

FEET 
D 1 

JAN  APR  JUL 
REGT 
OCT "ASO A75 A85 JAN APR 

R E 
JUL 

T U 
OCT 

R N 
A50 A75 A85 JUL  OCT 

READINC 
IS,000 
10,000 
s.ooo 

, TO SYRACUSE 
-1   -5   -2 
-3   -!♦   -3 
-2   -3   -2 

1 
-1 
0 

-2 
-3 
-2 

-lit 

-13 
-10 

-2 1 
-19 
-15 

0 
0 

3 
3 
2 

1 
2 
1 

-14 

-1 
0 

-1 
1 
1 

-13 
-9 
-8 

-21 
-15 
-13 

22 
17 
15 

21 
17 
15 

16U N.MI. 
13   20 
12   15 
10   13 

REGINA 
IS,000 
10,000 
5,000 

TO SWIFT CURRENT 
-25  -16  -IV 
-IV  -10  -12 
-13   -U   -5 

-19 
-16 
-9 

-20 
-114 

-6 

-30 
-23 
-17 

-36 
-27 
-22 

24 
19 
13 

15 
10 

14 

18 
12 

1» 

19 
IS 
9 

19 
U 
7 

8 
5 

-2 

2 
1 

-6 

17 
13 
IU 

16 
13 
13 

116 N.MI. 
14   17 
11 13 
12 13 

REGINA 
IS,000 
10,000 
5,000 

TO WINNIPEG 
26   16   19 
20   10   \h 
10    3    5 

20 
16 
10 

20 
IS 
7 

10 
7 

-2 

4 
2 

-7 

-26 
-20 
-11 

-17 
-11 
-3 

-20 
-15 
-5 

-21 
-17 
-10 

-21 
-16 
-7 

-32 
-214 

-16 

-37 
-29 
-21 

17 
13 
IU 

16 
13 
13 

287 N.MI. 
13   16 
11 13 
12 IU 

REGINA 
15,000 
10,000 
5,000 

TO YORKTON 
15   11   15 
12    6   10 
8    2    1* 

12 
10 

J 

13 
9 
5 

3 
1 

-14 

-3 
-14 

-9 

-17 
-13 
-9 

-12 
-6 
-3 

-16 
-10 
-14 

-114 

-11 
-7 

-15 
-10 
-6 

-25 
-19 
-lb 

-31 
-23 
-20 

17 
13 
IU 

16 
13 
IU 

97 N.MI. 
14   17 
11 13 
12 IU 

RENO TO 
15,000 
!0,000 
5,000 

SACRAMENTO 
-15  -11  -12 
-10   -7        -7 
-5   -5    0 

-10 
-7 
-i» 

-12 
-8 
-3 

-214 

-16 
-10 

-31 
-22 
-13 

13 
9 
5 

10 
6 
5 

12 
7 
0 

9 
6 

11 
7 
3 

-1 
-2 
-3 

-7 
-7 
-6 

22 
16 
11 

19 
15 

9 

93 N.MI. 
12   18 
10   IU 
7    9 

RENO TO 
15,000 
10,000 
5,000 

SALT LAKE CITY 
20   15   1U 
13    9    8 
2    3    0 

13 
9 
3 

15 
9 
2 

5 
2 

-3 

-1 
-2 
-6 

-2 1 
-13 
-2 

-16 
-9 
-3 

-1U 
-8 
0 

-114 

-9 

-3 

-16 
-10 
-2 

-27 
-18 
-7 

-33 
-22 
-10 

20 
IU 
9 

17 
12 
8 

366 N.MI. 
11    17 
9   12 
6    7 

RENO TO 
15,000 
10,000 
5,000 

SAN FRANCISCO 
-114  -11  -11 
-8   -6   -7 
-5   -14   -1 

-9 
-6 
-3 

-11 
-7 
-3 

-23 
-16 
-9 

-29 
-.21 
-13 

12 
8 
»4 

10 
5 
M 

1 1 
r 
0 

8 
6 
3 

10 
6 
3 

-1 
-2 
-3 

-8 ' 
-7 
-7 

22 
16 
11 

19 
IS 
9 

166 N.MI. 
12   18 
9   13 
7    V 

RICHMOND TO WASHINGTON, 
15,000    8    1    2 
10.000    U            1     1 
5,000    2    0    1 

D.C. 
f 
14 

1 

i« 

2 
1 

-8 
-8 
-7 

-114 

-13 
-12 

-12 
-6 
-3 

-U 
-3 
-1 

-3 
-2- 
-1 

-9 
-5 
-2 

-7 
-14 

-2 

-19 
-11* 
-10 

-26 
-20 
-15 

21 
17 
15 

21 
17 
IU 

82 N.MI. 
12   20 
11   15 
10   13 

ROANOKE 
15.000 
10,000 
5.000 

TO WASHINGTON, 
35   22   13 
2i4   17   10 
13    V    6 

D.C. 
20 
IS 

f 

21 
16 
8 

9 
6 
0 

3 
1 

-5 

-37 
-25 
-13 

-214 

-18 
-10 

-13 
-10 
-6 

-2 1 
-15 
-7 

-22 
-16 
-9 

-37 
-27 
-17 

-US 
-33 
-22 

20 
16 
IU 

20 
17 
IU 

166 N.MI. 
12   19 
11    IS 
9   12 

ROANOKE 
15.000 
10,000 
S.OOO 

TO W1NSTON-SALEM 
-13   -5   -2   -a 
-6   -3   -1   -5 
-3-2    0-1 

-6 

-1 

-19 
-13 
-10 

-26 
-19 

-ll4 

9 

14 

2 

2 
1 
1 

2 
1 
0 

6 
U 
1 

U 
2 
1 

-7 
-7 
-7 

-114 

-12 
-12 

20 
16 
IU 

20 
1 7 
13 

72 N.MI. 
12    19 
11    15 
9   13 

ROCHESTER, MINN. TO WATERLOO 
IS.000    i*    3    2    U 
10,000    i*    3    2    i 
5,000    3    3    0    1 

3 
3 
1 

-9 
-7 
-8 

-15 
-12 
-13 

-8 
-6 
-k 

-S 
-14 

-5 

-3 
-3 
0 

-6 
-4 
-2 

-5 
-U 
-2 

-18 
-114 

-1 1 

-25 
-20 
-16 

20 
15 
IU 

20 
16 
15 

81 N.MI. 
IU   20 
13   15 
12   14 

ROCHESTER, N.Y. TO SYRACUSE 
15,000   iH   25   21   214 
10,000   2d   W   16   IV 
5,000   16   11   10   11 

26 
20 
1 1 

1 3 
9 
2 

6 
3 

-3 

-UO 
-29 
-16 

-26 
-19 
-11 

-21 
-16 
-10 

-25 
-20 
-11 

-2 7 
-20 
-12 

-l4l 

-32 
-2 1 

-U9 
-38 
-26 

22 
17 
15 

22 
18 
IS 

68 N.MI. 
IU   21 
12    16 
11    13 

ROCHESTER, N.Y. TO WASHINGTON 
15,000    0    5    2-2 
10,000    2    i*    3    1 
5,000    13    2    1 

, D.C 
1 
3 
2 

-1 1 
-7 
-r 

-18 
-13 1 
-1 1 

-5 
-5 
-? 

-a 
-6 
-14 

-3 
-U 

-2 

0 
-? 
-1 

-U 

-u 
-2 

-16 
-114 

-1 1 

-23 
-20 
-15 

21 
16 
IU 

21 
17 
IU 

258 N.MI. 
13   19 
11    15 
10   12 

ROUYN-NORANOA TO VAL-OOR 
15,000    !Q    17   22   22 
10,000   22    12    16   IH 
5,000    \k            8    10    11 

23 
1 1 
l I 

10 
6 
1 

-5 
1 

-u | 

-31 
-23 
-lU 

-18 
-13 
-fl 

-22 
-16 
-11 

-23 
-18 
-12 

-214 

-17 
-1 1 

-37 
-28 
-2 1 

-UK 

-314 

-26 

21 
17 
15 

20 
1 f 
16 

53 N.MI. 
15   20 
13   16 
1?   14 

•H£ADMlNOS--C0MPuttO FOR A  MSO-KT AIRSPEED. 
• •4--DfcN0TtS ANNUAL EtiUlVALfcNT HEADWINDS FOR INDICATED PER CENT RtLI Ab!LITIES. 

«INUS SIGNS DENOTf HEADWINDS. 
THE BOEING COMPANY 
TRANSPORT DIVISION 

NO.  06-9)76 
PAGE       77 



eOUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEET 

EQUI    VAIENT H   E   A   D   W   I   N   D   S» 

JAN     APR 
DIRECT 

JUL      OCT   "ASO ATS     A85 

SACRAMENTO TO SAN FRANCISCO 
15,000  -12  -10 -10   -9 
10,000   -7   -5 -6   -6 
5,000   -1»   -U -1   -2 

SACRAMENTO TO STOCKTON 
15,000    6    3-20 
10,000    5    i*   -3    0 
5,000    0    0    3    2 

SAGUENAY TO SEVEN ISLANDS 
15,000   27   13 18   21 
10,000   18    8 12   16 
5,000   11    5 9   12 

ST. JOHN TO YARMOUTH 
15,000  -11 -5   -3 -8 
10,000   -6 -2   -1 -3 
5,000   -I 0   -2 -2 

ST. JOHNS TO SYDNEY 
15,000  -314  -21  -22 -28 
10,000  -26  -15  -18 -20 
5,000  -lU   -9  -13 -1U 

-10 -22 -28 
-6 -15 -20 
-2   -9  -12 

1 -10 -17 
1 -8 -13 
1   -5   -9 

19 6 -1 
13 3 -3 
9 0 -5 

-7 -2 1 -29 
-3 -11» -20 
-1  -11  -16 

-26 -UO 
-19 -31 
-12  -22 

ST. LOUIS TO SPRINGFIELD, MO. 
15,000  -32 -22  -11  -16   -19 
10,000  -23 -16   -9  -12   -15 
5,000  -12 -9   -7   -7    -9 

ST. LOUIS 10 TULSA 
15,000  -32  -22  -11 -16 
10,000  -23  -16   -9 -12 
5,000  -11   -9   -7 -7 

SALINAS TO SAN FRANCISCO 
15,000  -17  -12   -1»   -6 
10,000  -12   -9   -1   -U 
5,000   -i»   -k        -U   -5 

SALINAS TO SANTA BARBARA 
15.000 16   11 2    5 
10,000 11   10 0    3 
5,000 5    5 3    U 

SAN DIEGO TO SAN FRANCISCO 
15,000  -18  -1"* -3   -6 
10,000  -12  -11 -1   -l» 
5,000   -5   -5 -3   -3 

SAN FRANCISCO TO STOCKTON 
15.000   18 15 II   11 
10,000   11 9 7    7 
5,000    5 5 3    3 

SAKASOTA TO TAMPA 
15,000 0 -I    «t 2 
10,000 3 15 3 
5,000 7 5    5 1» 

SAKASOIA TO WEST PALM BEACH 
15,000 19    18 -1     6 
10,000 9    10 -2    2 
5.000 -5    1 -2   -2 

SASKAIOON 10 WINNIPEG 
15,000   26 16   IH 20 
10,000   20 11   I* 16 
5,000   10 i           * 10 

19 
11» 
-9 

-33 
-25 
-17 

-3 
-i» 

-2 

-9 -2 1 
-6 -15 
-i»  -10 

13    2 
8   -1 
i»   -3 

20   IQ 
15    7 
7   -2 

-1*8 
-37 
-28 

-UO 
-31 
-22 

-32 -UO 
-21» -50 
-17  -22 

-9 -22 -29 
-6 -16 -21 
-I»  -||  -lu 

-9 
-8 
-5 

-28 
-20 
-15 

-7 -12 
-5 -9 
-2   -5 

-1 -5 
-1» -T 
-8      -12 

JAN  APR 

33 
25 
U 

51 
22 
1 1 

30 
22 
I 1 

15 
1 I 

i» 

\7 
1 I 
5 

-27 
-20 
-I 1 

RETURN 
JUL      OCT        A50 A75  A85 

10 9 9 8 
6 5 6 5 
I»    3    0    1 

-5    1   -2 
-l*    2   -1 
0   -3   -2 

-26 -lU -19 -22 
-19 -8 -13 -17 
-11   -6  -10  -13 

8    3    1 
3    1    0 

-1    0    2 

20 
1U 
8 

21 
17 
13 

21 
15 
9 

10 
8 
7 

-17  -15   -3 
-11  -10    0 
-5   -5   -3 

13 
10 
5 

0 
-2 
-5 

-i» 

-5 
-5 

-20  -18    1 
-10  -10    2 

i        -2    2 

26 
20 
13 

21   11   15 
15    9   II 
9    7    7 

15 
1 1 
7 

11 I» 6 
9 I it 
l»    1»    l» 

-6 
-I» 
-U 

-20  -16  -11  -11 
-12   -9   -7   -8 
-6   -5   -5   -3 

-i 
-3 
-i« 

-6 
-3 

1 

-17  -18  -21 
-11  -IM  -17 
-3   -5  -10 

-2 
-2 
-2 

-20 
-1U 
-10 

25 
19 
12 

18 
11» 
8 

-3 
-3 
-I» 

15 
•1 1 
-8 

-31» 
-25 
-20 

-9 
-10 
-9 

1 I 
8 
2 

-3 
-3 
-2 

-8 -21 
-5 -15 
-i»  -11 

-2 
-5 
-2 

-20  -31 
-16  -21» 
-7  -16 

-9 
-9 
-8 

-22 
-17 
-11 

-i»l 
-30 
-25 

■17 
■16 
■It» 

i» 
2 

-5 

I8    6    0 
IH    l»   -I 
8    0-1» 

-9 
-8 
-6 

-28 
-21 
-lU 

-7 
-r 
-5 

-li» -26 -33 
-9 -18 -23 
-l»  -10  -11» 

-3 -II -16 
-5 -11 -15 
-5  -12  -16 

-9  -21  -27 
-i»  -13  -18 

1   -5   -9 

-57 
-29 
-21 

STANDARD DEVIATION 

JAN  APR -JUL  OCT 

22 
17 
12 

22 
17 
12 

21 
17 
16 

23 
19 
16 

25 
19 
1? 

20 
15 
li» 

19 
lit 
11» 

22 
1 T 
12 

2! 
16 
It 

20 
15 
10 

22 

12 

16 
15 
12 

15 
12 
1 1 

16 
17 
1 5 

•HEADWINDS—COMPUIfcO FOR A  H50-KT AIRSPEED. 
..A--DENOTtS ANNUAL EQUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 

MIHUS SIGNS DENOTE HEA0W1NDS. 
THE BOEING COMPANY 

pAüt fH TRANSPORT DIVISION 

73 N-MI. 
19 12 18 
15 10 lU 
10    7   10 

37 N.MI. 
20 12 18 
15 10 11» 
10    7    9 

207 N.MI- 
20 16 20 
li» 13 16 
15   12   14 

25 
18 
16 

22 
18 
16 

89 N.MI. 
15 21 
13   16 
12 13 

312 N.MI. 
15   20 
13 17 
13   13 

169 N 
20   12 
15   11 
15   10 

19 
15 
IU 

301» N. 
n 
11 
10 

,MI. 
19 
15 
13 

.MI- 
18 
li» 
1? 

IV 
15 
10 

18 
li» 
10 

1 7 
15 
9 

69 N.MI. 
12   18 
10 13 
8 10 

159 N.MI. 
11 17 
9 13 
7 9 

389 N.MI. 
10   15 
8 12 
r       8 

56 N.MI. 
19 12 I« 
15 10 1<» 
10    /   10 

15 
12 
I I 

li» 
12 
I I 

15 
1? 
15 

31» N.MI. 
9 15 
8 1 1 
8   11 

138 N.MI, 
8 12 
8   1 1 
7    10 

381 N.MI. 
13 16 
II 12 
II    15 

NU.  06-9 176 



1 
I 
! 

IQUlVALtNT HEADWINDS AND STANDARD DtVlAUON IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEfcT 

E 0 U I V A L fc N T H £ A D W I N OS« 
DIRECT 

JAN  APR  JUL  OCT »»AbO  A75  Ä85 

I 
I 
I 
I 
I 
i 
I 

I 
I 

I 
i 
I 

SAULT STE. MARIE TO TORONTO 
15,000   27   19   18 18 
10,000   20   U   34 IK 
5,000   12    8    8 7 

SCRANTON TO SYRACUSE 
15,000   -6   -8   -5 -2 
10,000   -6   -7   -5 -.5 
5,000   -l»   -4   -3 -1 

SCRANTON TO WILLIAMSPORT 
15,000  -Ul  -27  -19 -25 
10,000  -2V  -20  -15 -19 
5,000  -15  -11   -9 -10 

SEATTLE TO SPOKANE 
15,000   2k         16   lU 21 
10,000   18   12    8 li 
5,000    8    5    3 5 

SEATTLE TO VANCOUVER 
15,000  -li   -5   -4 -6 
10,000   -5   -1   -i -i 
5,000    2    3-2 3 

SEATTLE TO VICTORIA 
15,000  -16   -9   -7 -10 
10,000   -9   -5   -5 -6 
5,000    0    1-31 

SEATTLE TO YAKIMA 
15.000   22   13   11 16 
10,000   IM    8    6 10 
5,000    2    2    U 1 

SHREVtPORT TO TfcXARKANA 
15,000   -2   -U   -I -i 
10,000   -1   -1    2 -2 
5,000    2    3    U 1 

SHREVEPORT TO TULSA 
15,000  -12  -11   -3 -8 
10,000   -8   -6   -1 -5 
5,000   -2   -1     I -t 

SIOUX CITY TO SIOUX FALLS 
15,000  -12   -9   -5 -10 
10,000  -10   -8   -5 -8 
5,000   -T   -i»   -1 -5 

SIOUX CITY TO WATERLOO 
15,000   31   21   18 22 
10,000   23   15   13 15 
5,000   12    T           7 10 

SM1THEKS 10 TERRACE 
15,000  -19  -lH   -6 -19 
10,000  -15  -11   -r -16 
5,000   -8   -5   -5 -8 

SPOKANt TO YAKIMA 
15,000  -20  -U  -1« -19 
10,000  -16  -1?   -8 -12 
5,000  -10   -6   -2 -6 

SrtPHtNVlLLE TO SYDNEY 
15,000  -IV  -13  -10 -16 
10,000  -U   -8   -7 -9 
5,000   -6   -U   -6 -6 

20 
15 
9 

-5 
-5 
-3 

-27 
-20 
-11 

18 
12 
5 

•10 
-6 
0 

15 
9 
2 

-2 
0 
2 

22 
16 
9 

in 
■12 
-6 

1 t 
■1 1 

-6 

•IB 
-15 
■12 

-U2 
-32 
-20 

•19 
12 
-6 

-2 3 
-15 
-8 

-13 
-9 
-6 

-19 
-13 
-R 

-2 1 
-1 7 
-13 

1 1 
7 
0 

-27 
-22 
-iu 

-29 
-2 I 
-13 

-25 
-21 
-1 7 

-50 
-38 
-26 

0 
-1 
-5 

-26 
-17 
-10 

-31 
-2 1 
-12 

-1» 
-5 
-9 

•19 
•It 
•1 1 

-25 
-18 
-1 3 

-28 
-23 
-18 

-21 
-19 

•^6 
-26 
-1 J 

-lU -28 -36 
-9 -21 -21 
-6  -16  -21 

RETURN 
JAN  APR  JUL  OCT   A50  A75  A8S 

-30 
-22 
-13 

40 
28 
15 

-25 
-18 
-8 

9 
U 

-3 

1U 
8 

-I 

-23 
- 15 
-3 

-1 
-1 
-3 

10 
9 
6 

-32 
-2U 
-12 

18 
U 
7 

19 
15 
9 

16 
12 
5 

-20 
-15 
-9 

25 
19 
10 

•16 
■13 
-5 

-1U 
-9 
-3 

2 
0 

-3 

-22 
-16 
-8 

13 
10 
5 

1 S 
! 1 
6 

1 1 
T 
u 

-19 
-ri» 
-8 

19 
II» 
8 

-15 
-a 
-3 

-1 1 
-6 
-"4 

0 
-2 

-19 
-13 
-7 

1U 
7 
2 

-19 
-15 
-8 

2U 
18 
10 

-21 
-13 
-5 

-17 
-10 
-I 

-23 
-16 
-10 

IS 
16 

r 

18 
1 1 
6 

t 
5 

-22 
-16 
-9 

26 
19 
11 

•19 
•15 
-5 

5 
2 

-2 

-16 
-10 
-3 

I 
-1 
-3 

-2 3 
-1 7 
-9 

13 
1 1 
6 

16 
I 1 
5 

12 
8 
5 

-31* 
-27 
-ia 

-10 
-7 
-7 

12 
9 
2 

-31 
-22 
-12 

-8 
-7 
-9 

-29 
-19 
-10 

-10 
-9 

-1 1 

-U 
-5 
-8 

-5 
-3 
-6 

-36 
-27 
-18 

■U2 
-32 
-23 

•18 
■13 
■12 

6 
3 

-3 

-38 
-27 
-16 

15 
•12 
•U 

•11 
-9 

■12 

-36 
-25 
-13 

•16 
•IU 
•16 

-9 
-9 
-13 

1 1 
-8 
1 1 

-U3 
-32 
-23 

-2 -9 
-3 -V 
-5  -11 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

21 
16 
IU 

22 
17 
15 

22 
17 
15 

20 
15 
12 

21 
17 
13 

22 
17 
13 

21 
16 
13 

19 
IU 
IU 

19 
IU 
IU 

20 
15 
IU 

20 
15 
IU 

22 
1 7 
IU 

20 
15 
12 

23 
19 
17 

266 N.MI. 
20   IU   20 
17 12 lb 
15   11   13 

99 N.MI. 
22   IU   21 
18 12 16 
15   II   13 

5U N.MI. 
22   13   21 
18 12 16 
15   11   13 

190 N.MI. 
19 IU IB 
13 11 13 
10    8   II 

20 
IU 
I 1 

20 
IU 
1 1 

20 
IU 
1 1 

109 N.MI. 
15   19 
11   IU 
9   12 

85 N.MI. 
15   19 
11   IU 
9   12 

90 N.MI. 
IU    19 
I 1    IU 
8   1 I 

61 N.MI. 
18 II 17 
IU 10 IU 
IU   10   12 

2U7 N.MI. 
18 11 17 
IU   10   13 
IU    9   12 

73 N.MI. 
20 13 19 
15 12 15 
15   12   IU 

20 
15 
15 

177 N. 
13 
12 
II 

MI. 
19 
15 
1 5 

18 
IU 
12 

19 
15 
10 

25 
18 
16 

53 N.MI. 
15 18 
11 IU 
10   13 

135 N. 
IU 
I I 
8 

MI. 
IB 
I 5 
1 I 

155 N.MI. 
16 21 
IU 17 
13   IU 

•MlftDwlNUS—COMPUTED FOR A  U50-KI AIRSPEED. 
••A—DtNOrtS ANHUAL EQUlVALtNI HEADWINUS FOR INDICATED PER CENT RELIABILITIES. 
MINUS SlUNS DENOtt HEADWINDS^ 

»HE ÖOEIN& COMPANY 
TRANSPORT DIVISION 

NO. 
PAGE 

06-9 176 
TV 



tOUIVALENT HEADWINDS AMD STANDARD DEVIATION IN KNOTi FOR GREAT CIRCLE AIR ROUTE. 

HEIGHT 
IN 

FEET 

EQUIVALEN   T 
DIRECT 

JAN     APR      JUL     OCT   »»ASO      A/S A8S 

SUDBURY TO TIMMINS 
lb,000   -8   -8   -9 -6 
10,000   -8   -6   -7 -6 
6,000   -5   -14   -3 -1 

SUOBURY TO TORONTO 
15,000    Ö    9    9 5 
10,000    6    7    7 5 
5,000    U    u    U 1 

SYRACUSE TO WASHINGTON, D.C. 
15,000  -II   -3   -3 ~9 
10,000   -6   -2   -I -5 
5,000   -5    0   -1 -2 

TALLAHASSEE TO TAMPA 
15,000   13   12    0 4 
10,000    6    6-22 
5,000   -3    0   -2 -1 

TEMPLE TO WACO 
15,000   13    9    U 3 
10,000   10    8    U 3 
5,000    7    Ö    9 U 

TERRACE TO VANCOUVER 
15,000   11    U    6 6 
10,000    6    1    i» 3 
5,000   -I   -k           0 -2 

fOLtOO TO WASHINGTON, O.C. 
15,000   36   26   16 19 
10,000   26   20   11» 16 
5,000   IU   II    7 8 

TORONTO TO WASHINGTON, O.C. 
15,000   12   13    7 5 
10,000   10   10    7 6 
5,00 0    6    6    1* 3 

TORONTO TO WINDSOR 
15,000  -26  -19  -17 -17 
10,000  -IV  -IU  -13 -13 
5,000  -II   -8   -8 -7 

TULSA 10 WICHITA 
15,000  -21  -16   -7 -13 
10,000  -15  -10   -U -9 
5,000   -6   -3   -1 -U 

-8 -20 -27 
-7 -17 -23 
-3     -12     -17 

6 
2 

-I 

23 
18 
10 

-5 
-U 
-6 

-19 
-13 
-10 

-3 
-2 
- 1 

6        -5 
U       -5 

-2        -9 

1 1 
9 
2 

-3 
-1 
-U 

-20     -33 
-15     -25 

-8     -17 

-13 -26 
-V -19 
-i      -12 

WASHINGTON, D.C. TO   WILMINGTON,    DEL. 
15,000         3ii 21 IU        21            21           9 
10,000        2U 17 11         15            16           6 
5,000         12 V 6           7              8           0 

■12 
•10 

1 I 

-26 
-19 
-15 

-a 
•10 
12 

-9 
-7 
-5 

■12 
■10 
13 

-9 
-7 
-8 

■HO 
•31 
-22 

■33 
•an 
-17 

HEADWI    NDS» 

JAN      APR 
RETURN 

JUL      OCT        A50 A75  A85 

-12 
-9 
-5 

■IU 
-7 
2 

■15 
■ 12 

12 
-7 
0 

-38 
-27 
-14 

•17 
■12 
-7 

2U 
IB 
10 

19 
IU 
5 

-37 
-25 
■13 

-11 
-8 
-5 

0 
0 

-1 

■13 
-7 
0 

-I I 
-9 
-8 

-5 
-2 
3 

-27 
-2 1 
-11 

-15 
-1 1 
-7 

17 
13 
8 

IU 
9 
3 

-23 
-18 
-9 

-10 
-7 
-U 

-u 
-5 
-9 

-6 
-5 
-1 

-16 
-IU 
-8 

-9 
-8 
-5 

17 
12 

7 

-IU 
-1 1 
-6 

-8 
-6 
-1 

-5 
-2 
0 

-U 
-3 
-5 

-20 
-17 
-9 

-7 
-7 
-U 

15 
13 
6 

12 

-22 
-16 
-8 

-10 
-7 
-U 

-2U 
-19 
-10 

■1 1 
■10 
-5 

18 
IU 
8 

12 
a 
3 

-23 
17 
-9 

-7 -IU 
-5 -10 
-T     -12 

-23 
-18 
-13 

-8 
-a 
-8 

•18 
12 
-6 

■19 
15 

■16 

-19 
-13 
-6 

-38 
-30 
-19 

-2U 
-20 
-IU 

6 
U 

-I 

I 
-1 
-6 

-37 
-28 
-18 

-30 
-23 
-18 

15 
■IU 
12 

-2U 
-16 
-10 

-25 
-20 
-20 

-26 
-18 
-10 

-U6 
-35 
-23 

-31 
-25 
-18 

-1 
-2 
-6 

-5 
-6 
10 

-U5 
-3U 
-23 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

21 
16 
15 

22 
17 
15 

21 
17 
IU 

16 
13 
12 

18 
IU 
IU 

20 
16 
I 3 

20 
16 
IU 

21 
16 
IU 

21 
16 
15 

20 
15 
IU 

21 
17 
15 

119 iwMl. 
20 IU   20 
17 13   15 
15 11    IU 

183 N.MI. 
21 IU   20 
18 12   16 
16 II   13 

21 
17 
IU 

16 
13 
I I 

1 7 
13 
13 

259 N. 
13 
11 
10 

MI. 
19 
15 
12 

18 
I i 
I I 

20 
16 
IU 

20 
17 
IU 

19 
15 
IU 

21 
1 7 
15 

|7U N.MI. 
9 IU 
9 12 
8   I I 

30 N, 
11 
10 
9 

MI. 
16 
13 
12 

375 N.MI. 
IU   17 
II   13 
9   12 

351 N. 
12 
1 I 
9 

MI. 
19 
IU 
12 

313 N.MI. 
12 19 
II 15 
10   12 

210 N.MI. 
21 IU 20 
17 12 15 
15   11   13 

109 N.MI. 
12 18 
11 IU 
10   13 

83 N. 
13 
12 
10 

MI. 
20 
15 
13 

•HtAOWlNDS—COMPUtfcO FO« A  U50-KT AiHSPEtO. 
••A—OtNOUS ANNUAL tOUIVALENT HEADWlNOS FOR INDICATED PF« CENf R6L I AH IL I I I E S . 

-1NUS SIGNS DENOTE HEADWINDS. 
THE BOEING COMPANY 

PAGE   «0 TRANSPORT DIVISION 
NO. D6-9176 
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TABLE 4 g 

EQUIVALENT WINDS AT T!1E 20,000-, 30,000-, 40,000- ? 

AND 53,000-FOOT LEVELS FOR ROUTES I 200 NAUTICAL ^ 

MILES IN LENGTH 

Dfi-9176 



TABLE 4.  EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

I 

I 

| 

i 

HEIGHT E   Q U    1    V A   L £   N    T H   E A   0 W   I    N D   S» STANDARD DEVIATION 

IN D   1 R   E C    T R   E T   U   R N 

FEET JAN APR      JUL OCT • •A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

AblLENETO   EL PASO 3U2   N .MI. 

5-4,000 -U4 -36 0 -19 -21* -4 1 -49 43 35 -1 19 2U 7 -1 18 16 12 16 

40,000 -68 -59      - -li* -43 -45 -68 -81 66 57 13 Ul UU 21 1 1 29 26 20 2 4 

30,000 -57 -48 -9 -32 -35 -57 -69 55 i»7 9 51 33 13 5 29 25 15 23 

20,000 -35 -29 -1* -16 -19 -35 -43 34 29 U 15 19 5 0 20 17 10 17 

ABILENE TO   HOUSTON 281   N MI. 

53,000 32 26 -2 14 1 7 3 -3 -35 -28 1 -15 -19 -34 -42 17 16 11 16 

uo.ooo 1*6 UI 8 31* 52 12 2 -54 -47 -9 -37 -36 -57 -68 28 27 20 23 

30,000 38 53 6 26 21* 7 -1 -41* -38 -6 -28 -27 -4 7 -58 27 25 15 24 

20,000 25 21 -3 13 1 5 0 -6 -28 -23 2 -14 -14 -29 -37 19 17 10 17 

AKRON   TO   CHICAGO 297   N. MI. 

53,000 -1*4 -29     - -13 -28 -27 -Ul -49 43 29 13 27 27 1U 8 18 16 12 15 

40,000 -72 -48      - -39 -1*9 -51 -72 -83 70 1*6 38 U6 U9 3 0 20 29 27 2U 29 

30,000 -68 -45      - ■52 -1*4 -1*5 -67 -79 65 1*2 31 Ul U4 2U 15 30 29 20 30 

20,000 -46 -30      - -22 -30 -30 -1*6 -55 1*5 29 21 28 29 16 9 23 2 3 1U 22 

AKRON 0   NEW YORK 349   N. MI. 

53,000 4 7 50 12 29 2 8 15 9 -48 -31 -12 -29 -29 -44 -52 18 17 12 16 

HO,000 tb 1*9 5/ 50 52 52 21 -77 -52 -38 -52 -54 -75 -87 29 28 2U 28 

30,000 I 1 1*6 5 2 44 U6 27 1 7 -71* -48 -33 -U7 -48 -70 -83 29 50 20 29 ; 
20,000 4 9 5? 2 2 30 51 1 i 1 1 -50 -33 -22 -31 -32 -49 -59 23 2 3 13 22 

AKRON 0   WASHINGTON,    D C. 238   N. MI. 

5 5,000 it 2! 1 I 22 2 5 1 1 5 -MO -28 -12 -25 -2 5 -38 -46 19 i r 13 16 

U0,000 64 U2 55 57 i*5 25 15 -70 -1(6 -34 -Ul -47 -68 -80 29 29 24 29 

50,000 6 0 59 25 55 5 8 18 9 -66 -4 5 -26 -37 -Ul -63 -75 28 50 20 50 - 
20,000 U 1 50 i r 22 26 12 5 -41* -31 -18 -24 -28 -UU -54 23 2 3 15 2 3 

ALBANY GA.    TO    TAMPA 231   N. MI. 

55,000 1 5 16 i r 9 -2 -7 -19 -19 -2 -V -1 1 -23 -30 16 1 f 1 1 18 

"♦0,000 If, 18 i 12 1 5 -5 -12 -27 -27 -8 -17 -19 -36 -46 26 26 19 2U 

30,000 14 19 i* 10 1 1 - 5 -10 -21 -21* -5 -15 -15 -30 -39 22 25 15 22 

20,000 V 10 i 5 S -4 -10 -13 - 12 -2 -5 -7 -18 -24 18 18 10 16 

ALUANY N.Y. 10   BUFFALO 217   N. MI . 

55,000 -1*5 -28      - 14 -29 -28 -K 1 -1*9 1(1* 28 1 5 29 27 15 9 18 16 13 16 

40,000 -1? - it H      ■ U 1 -52 -53 -75 -H5 7 0 ii6 59 50 50 5 1 20 50 2 9 2 5 29 

50,000 -Tu ~ U 6      - -37 -4 7 -1*8 -70 -82 67 i*5 55 44 4 6 2o 15 55 52 22 50 

20,000 -H 1 -31     - -25 -52 -52 -U8 -57 1(5 30 24 50 5 1 i r 9 2U 2U 15 25 

ALBUOUi RQUfc 10   AMARILLU 2U1    N. MI. 

5 5,000 H 1 5H 5 22 25 10 i* -1(2 - 51* ~6 -25 -26 -Ul -49 19 16 12 16 

1(0,00 0 65 51 2K 1*2 Ul) 2U li* -67 -5 5 -25 -U5 -46 -68 -80 31 28 22 27 

50,000 55 ii'i 18 52 5U 16 7 -56 -i*6 -19 -5u -56 -57 -70 52 ' 28 1 7 2 6 

2 0,00 0 3ii 2H 1 1 1 1 21 8 2 -35 -29 -1 1 - 18 -2 1 -36 -45 22 20 12 18 

AliUJUUtRJUL TO   CHU .AGO 9 69   N. Ml. 

5 5,000 ',! 28 9 2 1 2 5 12 ,' - 58 -29 -9 -22 -24 -56 -U5 15 1 5 10 1 5 

UO,O00 62 i(5 29 58 1*2 25 1 1 - 6 6 -1(5 -51 -U! -UU -62 -72 2U 22 IV 2 5 

50,0 00 -> 1 57 22 5 1 55 18 1 1 -55 -i*0 -23 -34 -36 -54 -6U 26 2 5 15 25 

20,000 5^ 21* 15 19 21 1 1 6 - 5U -25 -16 -2 1 -23 -55 -42 19 1 t 10 1 ! 

41, DUOU ;Rgui rc   DALl _AS 503   N MI. 

5 5,00 0 IX   1 5? 5 2! 2i( 9 5 -1*5 - 55 -u -21 -25 -UO -U7 17 15 1 1 15 

HO.OOÜ ft 1 1*9 1H I* 1 i* 1 22 12 -65 -52 - IV -U5 -UU -6 5 -77 29 26 20 2U 

50,000 •3 1 1*2 II* 52 52 15 6 -51* -Ul* - 14 -5U - 5 U -55 -67 29 2 5 15 2U 

2 0,000 5U 28 6 1 I IV 7 1 -55 -29 -7 - 18 -20 -55 -UU 20 1H 10 17 

ALöUÖUtROUt TO   DENVER 295   N .MI. 

55,000 ,' 10 6 •4 T -I* -9 - 1 1 - 1? -6 -5 -« -1 V -25 18 16 12 16 

iiCOOO i 1 1 1 ID r 1 1 -7 - 1 1 -22 - 1 7 - i r - 1 5 - 1 7 -55 -45 50 ? t 22 2 r 

50,000 10 10 10 5 8 -9 - 19 -18 - 1 S -12 -7 - 12 -50 -uo 52 2H 18 2 6 

20,000 5 6 ft 2 6 - 7 - 1 i. -8 -8 -9 -u -7 -19 -26 22 20 12 IV 

M tsiigut RJiii r o i. A s VEG AS U2 3   N -MI . 

55,000 - 5is -50 -5 -21 -2 5 - 56 -«* 5 55 29 5 21 22 9 5 18 1 5 1 1 15 

IJü.OOO -1/ -1,0 -?fl - 59 -i*2 -61 -7 1 55 U6 27 iJ UO 22 I 5 29 26 21 2 6 

50,000 -uv -Kl -2 1 -5 1 - 5 5 -55 - ftu U6 59 20 50 32 15 6 52 27 18 23 

?0,000 -50 -25 -12 -16 -19 - 55 -i*0 1        29 2U 1 1 15 18 r I i     21 IV 1/ 1 7 

«Hi. AÜMiHl)S--CO*«PUIt:0   FO«    A      hSO-K I    Al-(SPfcLD. 
,.»—OfcNtmS   AHNU&l    EwUIVALtN!    Ht, .Vät. r,i,S   TOR    1SUICATEO   PE«   CfNl   RfcL I AHlL t I tES. 

MIN.1,    M.-.s    131NCU     HtADWtWS. 
THE    BOtINU   COMPANY 
T-.A-ISPCRI   DIVISION 

HO.       06-9 

PAGE 
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CÜUIVALtNT   HEADWINDS   AND   STANDARD   DEVIAHON    IN   KNOTS   FOK   GRtAT   CIRCLt   AIR   ROUTES 

HEIGHT 
IN 

FEET 

EQUIVALENT HEADWINDS« 

JAN      APR 
DIRECT 

JUL      OCT   »«ASO A75  A85 

ALÖUOUEROUE TO LOS ANGELES 
Si.OOO -36 -31 -6 -21 
UO.OOO -56 -U8 -29 -37 
50,000 -1*8 -HI -20 -30 
20,000  -30  -25  -12  -15 

-23 -36 -ki 
■k2 -60 -70 
-33 -51 -62 
-19 -32 -39 

ALBUQUERQUE TO LUbBOCK 
53,000   30 30    3 
UO.OOO   58 U7   19 
30,000   UB UO   15 
20,000   32 26    7 

ALBUQUERQUE 
51,000 -36 
1*0,000 -57 
50,000 -1*9 
2 0,000  -30 

ALBUQUERQUE 
53,000 -35 
1*0,000 -53 
30,000 -1*6 
20,000  -29 

TO PHOENIX 
-33   -5 
-50  -27 
-1*2  -20 
-25  -13 

20 
39 
31 
16 

-20 
-37 
-30 
-11* 

22 
39 
31 
18 

8 1 
20 10 
13 5 
6 0 

-23 -37 -1*1* 
-1*2 -62 -73 
-33 -53 -61* 
-19 -32 -1*0 

TO SAN FRANCISCO 
-27   -7  -21   -22 -31* -1*0 
-U3  -28  -37   -1*0 -57 -66 
-39  -21  -30   -32 -50 -60 
-2 3  -12  -16   -19 -31 -38 

ALBUQUERQUE TO WICHITA 
55,000   59 52    7 22 
1*0,000   65 1*8   26 59 
50,000   52 1*1    19 30 
20,000   32 26   12 18 

ALI LN1ÜWN Tu CLEVELAND 
55,000  -1*7 -51  -15 -29 
UO.OOO  -76 -5 1  -59 -5 1 
50,000  -73 -1*7  -32 -1*6 
20,000  -50 -53  -22 -50 

ALLENIÜWN    lü PITISBURGH 
55,000      -1*9 -51      -12 -50 
1*0,000      -78 -52      -38 -55 
30,000      -71. -U9      -52 -1*7 
20,000      -51 -55      -22 -51 

21* 11 5 
1*5 21* 15 
53 16 H 
20 9 5 

-28 -1*3 -51 
-55 -71* -86 
-i*ö -70 -82 
-52 -1*8 -58 

-29 
-5U 
-H9 
-52 

-1*5 ■ 53 
-76 -88 
-71 -81* 
-i»9 -59 

AMARILLO TO 
5 3,000 -2 5 
1*0,000 -39 
50,000 -51 
20,000  -25 

COLORADO SPRINGS 
- 1 6   - 2  - 1 5 
-2 7  -15  -28 
-25  -15  -25 
-16   -6  -Ut 

AMARILLO    TO   DALLAS 
5 5,000 
UO.OOO 
50,000 
20,000 

58 
51 
U2 
i 1 

?7 
u 1 
55 
2 5 

u 
IS 
12 

u 

19 
58 
5 1 
1 ! 

AMARILLO    TO DENVER 
55,000      -22 -1U -2      -1U 
UO.OOO      -55 -25      -1U      -25 
50,000      -28 -20      -11      -2 5 
20,000      -2 1 -It* -5      -1U 

AMARULO    TO OKLAHOMA    CITY 

55,000 
UO.OOO 
50,000 
2 0,000 

U') 
70 
57 
5f 

55 
53 
U5 
50 

21 
15 

9 

AMARILLO 10 WICHITA 
5 5,000 
uc ,000 
50,000 

$5 
62 
50 
29 

30 
uu 
58 
2U 

6 
2 0 
iu 

2U 

19 
55 
25 
15 

-11* 
-26 
-2 1 
-1 5 

21 
55 
28 
i r 

-12 
-23 
-19 
-12 

U5 
55 
22 

22 
5V 
29 
1 7 

-26 
-1*5 
-UO 
-2 7 

r 
16 
i i 
5 

-2U 
-U5 
-57 
-25 

I I 

2U 
16 
a 

H 
1 7 
I I 
5 

-55 
-56 
-51 
-55 

- 1 

- 51 

-5 5 

-U8 
- 53 

JAN  APR 
R E 

JUL 
TURN 
OCT   A50 

35 
5U 
U5 
28 

5U 
5U 
U6 
28 

5U 
51 
U3 
28 

-UO 
-68 
-55 
-3U 

U8 
76 
72 
5 0 

22 
2 9 
2U 
2 0 

31 
U6 
39 
2U 

5 
28 
20 
12 

-UO -31 
-62 -50 
-51 -U2 
-33 -27 

19 
25 
20 
18 

-U6 
-75 
-60 
- 5 9 

2 7 
Ul 
3 7 
22 

6 
26 
19 
1 1 

-35 -7 
-50 -27 
-1*3 -20 
-27 -12 

31 
50 
U6 
52 

IU 
21 
18 
IU 

-UO -29 
-58 -U6 
-US -59 
-53 -27 

1 1 
1 r 
15 
12 

1 I 

56 

5'l 

2 2 

2 
12 
1 1 
5 

-U 
i r 
1 5 
-5 

1 
10 
9 
U 

20 
36 
28 
IU 

-3 -21 
-21 -Ul 
-16 -33 
-8 -17 

52 5 19 
U8 26 55 
UO 19 28 
2U 12 IU 

20 
35 
2 9 
15 

-22 
-U2 
-52 
-19 

U5 30 !2 28 
7U 48 5 7 U8 
ID U5 51 U3 
U8 5 1 22 29 

29 
5 1 
U5 
50 

IU 
25 
22 

1 5 

-20 
-h 1 
-33 
-IB 

1 5 
20 
19 
12 

-56 -6 -2U 
-55 -22 -UT 
- u 7 - 1 6 - 5 6 
-51 -9 -20 

-58 -51 -6 -20 
-66 -U7 -22 -5H 
-S5 -ul -15 -2d 
-52 -25 -10 -16 

2 2 
UO 
31 
18 

-23 

-1*2 
-55 
-19 

22 
UO 
51 
18 

2! 
38 
50 
18 

-25 
-US 
-35 
-21 

28 
5 1 
1*6 
3 1 

29 
52 
U7 
31 

12 
21 
18 
12 

A75      A85 

9 
2 3 
15 

7 

-38 
-6U 
-5U 
-3U 

8 
2 1 
IU 

7 

10 
2 1 
15 

-39 
-66 
-56 
-35 

15 
5 1 
26 
i r 

1 5 
5 1 
26 

1 7 

10 
18 
15 
10 

-27 
-U8 
-37 
-? 5 

■23 
-U2 
-32 
- 19 

U 
IU 

7 
1 

-U6 
-76 
-66 
-U3 

2 
12 

5 
1 

U 
13 

6 
1 

-U6 
-78 
-67 
-U3 

9 
2 V 
16 
10 

8 
2 1 
1 7 
10 

-59 -60 -72 
•51 -51 -65 
-19      -5U      -U3 

-6 
-v 
l 1 
-8 

-UU -51 
-71 -BU 
-60 -75 
-59 -U 8 

-37 
-6U 
-55 
-55 

• ..(.u-lNi.1 Li'MPUl ID   tUH   &      IOO-KI    AinSPtkO. 
• •*--    iVif.s    ANNUAI      i_,lVMi,J     KtiOwl*    ',    FOB     i' 

T«-   >    MoHS   DtHOtt    Mt&Bwl^ÜS. 

UCAIEO   Pi«   CENI    Ri LlAi IL I IU S. 

STANDARD   DEVIATION 

JAN      APR      JUL      ÜCT 

■U5 
-76 
-66 
-U2 

17 
27 
30 
20 

19 
31 
32 
22 

19 
50 
5 5 
22 

16 
26 
28 
20 

18 
29 
50 
21 

18 
29 
29 
25 

19 
50 
50 
2U 

19 
51 
5? 
22 

18 
5 0 
52 
22 

19 
5 1 
i 1 
22 

19 
5 1 
51 
22 

IU 
25 
26 
18 

16 
28 
2 7 
19 

15 
27 
2 7 
19 

IU 
23 
25 
18 

15 
2 6 
26 
19 

1 7 
2 8 
50 
2 3 

1 7 
29 
51 
2U 

16 
27 
2 8 
2 0 

587   N, 
1 1 
20 
1 7 
1 1 

18 16 
50 2 8 
50 26 
21 19 

16 
27 

28 
20 

Ml . 
IU 
2U 
22 
16 

251   N.MI. 
12 16 
21 26 
17 2 5 
11 18 

286   N.MI. 
12 16 
21          26 
18 23 
11 18 

777   N. 
10 
20 
17 
1 1 

U77   N. 
12 
2 1 
16 
1 1 

29U   N, 
15 
2U 
20 
IU 

MI. 
13 
2 5 
22 

16 

MI . 

15 
2 6 
25 
18 

Ml . 
16 
2H 
30 
22 

218   N.MI. 
13 16 
25 29 
20 30 
IU 23 

259   N.MI. 
12 16 
22 2 7 
18 27 
12 19 

280   N, 
12 
2 1 
16 
1 1 

Ml . 
16 
26 
26 
IB 

511    N.MI. 
12 15 
22 2 7 
17 2 7 
12 19 

200   N.MI. 
1 7 
28 
21 
20 

1 5 
22 

1 7 
12 

16 
27 
28 

1 } 

2 58   N.MI 

.■.'..,i . 
tm   BOC p. < ;.- .«vf' 
t-A-, >*'i x i    ,ji Ji%\:>'i 

1 t 
2 8 
/ r 
20 

N  I. 

12 
22 
17 
12 

16 
27 
2« 
1 y 

06-<! 7' 



fcÜUIVALfcNT HLADWINDS AND STANDARD DtVlATION IN KNOTS FOR GRtAT CIRCLE AIR ROUTES 

I 
! 

I 

I 

HtIGHT E Q U I V A L t N T H E A D H I N 0 S« STANDARD OEVIA TION 
IN 0 I R E C T R E T U R N 

FhET JAN APR JUL OCT •• A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

ANCHORAGE TO CHICAGO ?465 N .MI. 
51,000 2B 12 9 20 16 10 7 -29 -13 -9 -2 1 -17 -25 -30 10 8 6 8 
UO.OOO 5? 17 20 25 23 IU 9 -34 -19 -22 -28 -25 -35 -40 13 12 12 14 
^0,000 52 19 18 25 23 13 7 -34 -21 -20 -27 -25 -36 -42 15 15 13 16 
20,000 23 li* 1 3 19 17 9 6 -24 -15 -14 -20 -18 -25 -30 12 10 8 1 1 

ANCHORAGE TO EDMONTON, CANADA 253 N .MI. 
5.5,000 2 6 1 1 6 19 IU 6 2 -27 -1 1 -6 -19 -15 -24 -30 13 1 1 8 10 
140,000 29 13 12 21 19 7 1 -31 -15 -13 -23 -20 -32 -39 17 15 16 17 
30,000 2B 11* 1 I 20 18 5 -3 -30 -16 -13 -23 -20 -34 -42 20 20 18 21 
20,000 18 9 8 IU 12 2 -2 -20 -10 -8 -15 -13 -23 -28 16 14 12 14 

ANCHORAGE TO FAIRBANKS 226 N .MI. 
55,000 ? 5 1 9 5 -1* -9 -9 -5 -1 -9 -6 -15 -2 1 18 14 9 13 
1*0,000 5 9 7 13 9 -5 -13 -7 -10 -8 -15 -10 -24 -32 22 19 20 21 
30,000 3 1 1 6 11+ 8 -9 -18 -6 -12 -8 -16 -10 -28 -37 27 25 25 27 
20,000 2 9 5 9 7 -6 -13 -4 -9 -6 -10 -8 -20 -27 22 18 16 18 

ANCHORAGE TO JUNEAU 494 N. MI. 
5.5,000 2i 8 1* 16 1 1 2 -2 -24 -8 -U -17 -12 -22 -29 17 13 9 13 
UO.OOO 2 8 1 5 13 16 17 3 -U -29 -14 -15 -19 -19 -33 -41 22 19 20 22 
30,000 ?it 10 10 IU lu -3 -13 -26 -13 -12 -17 -16 -34 -44 26 25 24 27 
20,000 11* 1* 6 8 8 -1* -1 1 -16 -5 -7 -9 -9 -2 1 -28 21 18 16 17 

ANCHORAGE TO K INb SALMON 250 N. MI. 
55,000 -22 -9 -U -i r -12 -23 -30 20 9 4 17 1 1 I -4 19 15 9 14 
40,000 -21* -16 -16 -23 -20 -35 -M3 22 15 15 2 2 18 3 -4 24 20 22 23 
30,000 -2 1 - 16 -16 -2 I -19 -37 -U6 19 15 14 19 1 7 -1 -1 1 28 26 26 27 
20,000 -1 5 -10 -10 -IU -12 -25 -33 1 1 9 9 1 5 1 1 -3 -1 1 25 20 18 2Ü 

ANCHORAGE 10 LOS ANGELES 2036 N. MI. 
55,000 19 9 5 10 9 2 -1 -20 -10 -3 -1 1 -10 -18 -23 1 1 9 7 9 
U0,000 26 1 ! 12 15 i r 6 0 -30 -20 -14 -18 -20 -32 -38 17 15 15 17 
30,000 23 IU 9 1 1 IU 2 -5 -28 -18 -12 -15 -18 -31 -38 19 18 16 19 
20,000 15 6 I 6 8 - 1 -5 -17 -8 -8 -8 -10 -19 -24 16 14 10 13 

ANCHÜRA GE IU MINNEAPOLIS 2 181 N. MI. 
5 5,000 28 12 8 20 16 9 6 -28 -13 -9. -21 -17 -25 -29 10 8 6 8 
un.ooo 31 16 18 2U 2 2 12 7 -33 -18 -20 -26 -24 -34 -40 14 12 1 5 15 
50,000 31 1 ! 1 1 21* 22 1 1 5 -33 -19 - 18 -26 -24 -35 -42 16 16 14 1 7 

2 0,000 22 1 5 12 18 16 8 U -23 -14 -13 -19 -17 -25 -29 12 1 1 9 1 1 

ANCHORAGE TO NEW YORK 2932 N. MI. 
55,000 2 f 1 5 10 19 16 10 ( -29 -13 -10 -20 -17 -25 -29 9 7 6 ,' 
40,000 3 1 IV 2 1 26 21* 16 1 1 -34 -21 -23 -29 -26 -35 -40 12 1 1 1 1 1 5 

30,000 51 2 1 20 2S 21* IS 10 -54 -23 -22 -28 -26 -36 -4 1 14 15 12 14 
20,000 22 IS 15 18 1 I 1 1 7 -23 -16 -16 -19 -18 -25 -29 1 1 10 8 10 

ANCHORAGE TO StAT ILL 1255 N. MJ . 
55,000 2 I 9 5 11* 1 1 5 0 -22 -9 -s -15 -12 -21 -26 13 1 1 8 10 
U0,000 2V 15 15 18 19 6 0 -51 -17 - 1 7 -21 -21 -34 -4i   : 19 1 7 17 19 
30,000 26 12 1 5 1 5 16 1 -7 -29 -15 -15 -1 7 -19 -34 -42 22 22 20 25 
20,000 15 5 8 9 9 - 1 -7 -1 7 -6 -9 -1 1 -1 1 -21 -27  | 18 1ft 1 5 16 

ANNt TTL I SI. ALASKA 10 JUNLAU 222 N. Ml. 
51,000 - 16 -5 -3 -9 -7 -18 -23 14 U 5 8 T -5 -8 1 7 IS 1 1 15 
1*0,000 -22 -5 -V -r -1 1 -27 -36 19 5 8 4 8 -8 -16 25 22 2 5 24 
50,000 -20 -3 -a -U -9 -28 -58 16 0 6 0 5 -14 -24 2M 2 8 26 29 
7 0,000 - 10 1 -5 -2 -U - 1 1 -25 8 -2 M 0 2 -1 1 -18 

1 
25 20 1 7 19 

ANNt T 1 i I SI . ALASKA 11 SLAM -L 
1 

571 N. MI. 
5 5,000 22 9 5 1 5 1 1 2 -2 -25 -10 -6 -14 -12 -22 -28 16 1 5 ! 1 12 
1*0,000 28 16 IS 2 1 19 u -u -31 -18 - 1 t -24 -22 -38 -1*7 25 22 22 25 
50,00 0 26 1 5 IU 15 17 -1 -11 -30 -17 - 16 -19 -20 -39 -48 2 7 7 1 24 ?l 
20,300 16 6 10 1 1 10 - 5 -10 -18 -8 - 1 1 -1 5 -12 -25 -55 22 20 1ft 20 

AttANT A TO a U. 1 If OKfc 500 N .MI. 
55,000 }V 25 0 2 0 21 6 -1 -42 -27 -1 -21 -22 -38 -46 16 1 1 1 1 15 
i»0,000 'Iö iv 12 i* 1 56 16 6 -63 -45 - 14 -uu -41 -63 -75 26 27 21 2 6 
30,000 51 Mi 12 J* 31 13 5 -S7 - 59 -1 5 -i7 -35 -57 -68 24 ?l 1 1 27 
20,000 5/ 25 10 2 1 21 ii 2 -4G -25 - 1 1 -? 5 -23 -38 -ur 20 2 0 1 1 19 

•M£A0K|«1U5—COWPUttO   FOR    A      450-K T    AUSPfcED. 
i.ft--i!t ■« il : S    ANNUAL    FOJlVALtNt   Ht&OWimOS   FOR    INDICATED   fEH   CENI    «IL I ADIL I TIES. 
-is.,  :..•.. Ji NC 11 Ht A:)«r,i;s. 

THfc bOEING COMpiNY 
laANSPOfT DIVISION 

NO. 
PAGE 

06-9176 
85 



tOUIVALt^T   HEADWINDS   AND   STANDARD   DtVIATION    IN   KNOTS   FOR   GRtAT   CIRCLt   AIR   ROUTES 

HtlüHT E   0 U    I    V A   L t   N   T H   E A   D M   I   N D   S» STANDARD DEVIÄ T10N 
IN D   I R   E   C r R   E T   U   R N 

FEET JAN APR JUL OCT  »»ASO A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

ATLANTA   TO ;HARLESTüN. S.C. 225   N .MI. 
b?,000 51 37 1 23 27 8 1 -52 -37 -2 -21 -29 -17 -55 17 18 1 1 17 
U0,000 n 56 11 11 16 22 1 1 -71 -59 -15 -17 -18 -72 -85 27 29 21 27 
30,000 62 17 10 36 38 16 7 -61 -19 -1 1 -38 -39 -63 -71 21 27 16 26 
20,000 39 31 8 20 22 9 3 -11 -3? -8 -2 1 -23 -10 -19 20 2(1 IT 19 

ATLANT* TO   CHARLESTON, W.VA. 315   N .MI. 
53,000 21 11 -3 1 1 10 -2 -8 -2 7 -17 2 -13 -13 -2 7 -31 17 17 1 1 16 
UCOOO 31 2 1 2 21 19 0 -10 -11 -29 -1 -30 -26 -17 -58 27 29 22 27 
30,000 28 18 1 20 16 -1 -9 -38 -21 -5 -25 -22 -11 -53 25 28 17 28 
20,000 23 12 5 12 12 0 -6 -28 -15 -5 -11 -11 -28 -37 21 21 12 20 

ATLANT/! TO   CHICAGO 526   N .MI. 
S3,000 -17 -12 -7 -9 -1 1 -2 1 -27 1 1 9 7 7 8 -1 -7 17 16 1 1 15 
40,000 -28 -20 -16 -16 -20 -37 -16 13 13 11 9 12 -5 -11 27 26 21 26 
30,000 -21 -18 -1 1 -11 -16 -35 -12 13 12 9 8 10 -6 -15 26 27 17 2 7 
20,000 -11 -12 -6 -10 -10 -22 -29 8 9 5 7 7 -1 -1 I 21 20 12 20 

ATLANT/i TU   CINCINNATI 321   N MI. 
5 3,000 -1 -3 -5 -1 -1 -11 -19 -3 -1 5 -1 1 -10 -16 18 17 1 1 16 
40,000 -6 -6 -9 -1 -6 -23 -33 -10 -5 6 -7 -3 -21 -31 28 28 22 27 
30,000 -5 -5 -5 0 -1 -20 -29 -8 -2 3 -5 -2 -19 -29 26 28 17 28 
20,000 1 -1 -2 0 -1 -13 -20 -7 0 1 -2 -2 -11 -21 21 21 12 20 

ATLANT/l TO   CLEVELAND 182   N MI. 
53,000 13 7 -5 8 5 -5 -10 -19 -10 2 -10 -8 -20 -27 17 16 1 1 15 
to.ooo 15 10 -1 15 9 -8 -1 7 -30 -18 -2 -22 -1 7 -36 -16 27 27 21 2-6 
30,000 11 9 2 1 5 9 -7 - 16 -26 -16 -1 -19 -15 -33 -13 25 27 17 27 
20,000 1 5 5 5 8 7 -5 -12 -19 -a -1 -1 1 -9 -23 -30 21 21 12 20 

ATLANTA TO   DALLAS 625   N. MI. 
53,000 -51 -38 -1 -21 -29 -16 -51 50 5 7 1 2 3 2 8 9 1 16 15 10 15 
U0,000 -7! -59 -13 -18 -50 -75 -85 75 5? 12 17 18 21 12 26 26 19 23 
30,000 -66 -19 -9 -3? -39 -6 3 -71 61 17 8 36 37 15 6 21 21 15 25 
20,000 -12 -32 -5 -2 1 -23 -10 -18 1 1 31 5 20 2 3 8 3 19 18 10 17 

ATLANTA TO   DETROIT 518   N. Ml. 
53,000 1 2 -1 5 1 -9 -11 -10 -5 1 -5 -1 -15 -20 17 16 1 1 15 
itO.OOO 3 1 -6 6 1 - 16 -25 -18 -9 2 -13 -9 -2 7 -37 27 2 7 21 26 
30,000 3 1 -2 5 1 -11 -2 3 -16 -H 0 -1 1 -8 -25 -31 26 27 17 27 
20,000 ■> - 1 0 5 2 - 10 -16 -1 1 -3 -1 -6 -5 -1 J -21 21 20 12 20 

ATLANTA TO   GREENSBORO 265   N. Ml. 
53,000 1 1 50 -1 20 22 6 -1 -16 -31 0 -22 -21 -12 -50 1 I 18 1 1 1 7 
uo.ooo 63 16 10 1 5 UO 1 I 6 -69 -50 -12 -16 -11 -68 -80 27 29 21 27 
10,000 5 7 59 V 5 5 53 1 5 1 -61 -15 -10 -38 -37 -60 -71 21 28 1 7 2 8 
20,000 uo ? 1 8 ? 1 22 8 2 -12 -29 -9 -22 -23 -10 -19 21 21 I 1 2 0 

A SLANT A TO   HÜUSION 603   N. MI . 
51,000 -IV -35 5 -20 -26 -1 5 -5 1 17 31 -5 19 2 5 1 -1 16 15 10 15 
10,000 -73 -57 -5 -11 -16 -69 -8 1 71 51 1 12 13 19 6 25 2 5 19 2 2 
30,000 -62 -16 -5 -33 -36 -58 -69 60 15 1 5 1 53 12 5 25 2 5 11 25 
20,000 -3V -29 0 -18 -20 -57 -15 38 28 0 1 7 19 1 -2 18 1 7 9 16 

ATLANTA TU INDIANAPOLIS 376   N. Ml . 
53,000 - 11 -10 -6 -7 -9 -19 -25 a 7 6 5 A -1 -V 1 7 i r 1 1 16 
'10,000 -2 1 -1 ! -1 5 -12 -16 -35 -13 6 9 1 1 U 8 -10 -IV 27 28 22 27 
50,000 - IV -15 -8 -9 -12 -29 -39 6 8 ! 1 6 -10 -19 2 6 2H 1 7 28 
20,000 -9 -10 -1 -6 -7 - 19 -26 5 7 h 1 1 -8 -15 21 21 12 2 0 

ATLANTA TO    , iACKSONVlLLl 21 1    N. Ml. 
55,000 27 25 3 13 15 5 -3 -51 -26 -5 -11 -17 -52 -39 1 7 1 7 1 1 1 7 
10,000 35 32 1 l 23 21 6 -3 -11 -39 - 12 -21 -30 -IV -60 2 6 28 2 0 26 
50,000 30 2V 1 18 20 4 -1 -37 -35 -7 -22 -21 -12 -52 25 25 16 2 5 
20,000 1H i r 1 V 1 1 0 -5 -22 -20 -5 -10 -13 -26 -3 5 19 1 J 10 18 

ATLANTA TO   LOS   ANC t US 686   N MI . 
5 3,000 -11 -55 -5 -25 -27 -10 -16 13 51 u 22 2? 12 5 1 5 1 1 8 1 1 
10.000 -67 -51 -25 -11 -16 -61 -73 65 5! 22 12 1u 28 20 20 IV IS 18 
30,000 -5 7 -16 - 16 -31 - M -51 -65 51 itU 15 55 5 5 19 M 21 19 1/ It) 
20,000 -56 -29 -10 -19 -22 -55 -1 1 55 28 10 18 21 1 1 r 15 13 8 1 5 

• HE Aii«lNOS--CÜMPUITn   FOR   A 
• •A--i)l NOI( S   ANNUAL    EQUIVALENT   HEADWINDS 

«INUS   SIGNS   »ENOIL   MLAOKlNDS. 

PA,I '•• 

USO-KT    AlKSPEtD. 
FO«    INDICATED   PER   CENT    RtLIAblLiUfcS. 

THE   eOtING   COMPANY 
TRANSPORT   DIVISION 

'.',. D6-9I76 
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tQUIVALENT   HtADWINDS   AND   STANDARD   DEVIATION   IN   KNOTS   FOR   GRfcAT   CIRCLfc   AIR   ROUTES 

HEi&nr E g U   I   V A   L c   N   I H   E A   D A    I    N D   S» STANDARD DE VI Al ION 

IN D    I R   E   C I R   E T   U   R N 

FEET JAN APR       JUL OCT    •»A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

ATLANT/ TO   LOUISVILLE 279   N. Ml. 

53,000 -1U -10 -6 -6 -y -20 -26 8 7 6 4 6 -4 -10 18 17 1 1 16 

40,000 -20 -17      - 13 -1 1 -15 -33 -43 5 8 1 1 4 7 -1 1 -21 28 29 22 27 

30,000 -17 -15 -8 -9 -12 -2$ -38 5 a 6 3 5 -1 1 -20 26 28 17 29 

20,000 -7 -10 -4 -5 -6 -18 -26 1 6 3 3 3 -9 -15 21 21 12 20 

ATLANTA    TO   MELBOURNE 386   N. MI. 

53,000 22 21 2 10 13 1 -4 -27 -24 -2 -12 -15 -28 -55 16 1 7 10 1 7 

U0,000 27 26 9 IB 19 3 -5 -37 -34 -10 -23 -25 -4 3 -53 25 26 19 24 

30,000 24 25 5 15 16 2 -5 -31 -30 -6 -18 -20 -36 -46 21 23 15 2 3 

20,000 15 14 2 6 8 -2 -7 -18 -16 -3 -8 -10 -22 -29 13 18 10 16 

ATLANTA   TO   MEMPHIS 288  N. MI. 

53,000 -50 -37 -4 -24 -28 -46 -54 49 36 4 24 27 10 3 18 1 7 1 1 16 

HO,000 -73 -57      - 18 -48 -48 -72 -84 69 54 17 45 46 23 13 28 29 21 26 

30,000 -64 -47      - 12 -38 -39 -6 3 -75 60 45 1 1 35 36 15 6 26 2 7 17 28 

20,000 -40 -32 -9 -22 -24 -4 1 -49 38 31 9 21 23 9 3 . 21 20 1 1 19 

ATLANTA   TO   MIAMI 518   N. MI. 

53,000 16 17 2 8 10 0 -5 -21 -20 -2 -9 -12 -24 -31 15 16 10 16 

1(0,000 20 20 8 13 15 0 -8 -30 -29 -9 -18 -20 -37 -46 24 24 18 23 

30,000 i r 21 5 1 1 12 0 -7 -24 -26 -5 -14 -16 -31 -39 20 21 14 2 1 

20,000 11 1 1 1 4 6 -5 -8 -)4 -13 - 1 -5 -7 -18 -25 17 16 9 14 

ATLANTA   TO   MOBILE 26 3   N. Ml. 

53,090 -4 1 -28 5 -1 7 -20 -37 -46 38 26 -5 16 18 2 -6 17 17 1 1 1 7 

i»0 ,000 -63 -4 7 -2 -3 7 -57 -61 -73 5C 41 1 5 5 5 3 10 -1 ?! 2 8 20 25 

30,000 -5 3 -36 -4 -29 -29 -51 -62 49 52 5 26 26 6 -2 2 4 26 16 25 

20,000 -34 -24 -1 -16 -17 -33 -41 32 22 1 15 16 2 -5 19 19 10 18 

ATLANTA    TO   NEW   ORLEANS 369   N. MI. 

5 3,000 -45 -51 6 -Id -23 -40 -48 42 29 -6 1 t 21 2 -5 17 1 7 1 1 16 

MO,000 -67 -51 -5 -39 -4 1 -64 -76 63 46 2 56 5r 1 5 1 26 2? 20 2 3 

30,000 -57 -40 -4 -50 -52 -54 -65 53 56 3 2B 29 8 0 24 25 16 25 

20,000 -56 -26 - 1 -17 -18 -55 -43 34 24 Ü 16 1 7 5 -3 19 IB 10 i r 

ATLANTA   TO   NEW   YORK 659   N. MI . 

53,000 4 0 25 2 2 2 2! T 1 -43 -27 -2 -23 -23 -38 -46 16 16 1 1 15 

40,000 5^ 4 0 15 42 58 IB 9 -64 -45 -IB -46 -43 -63 -75 2 5 26 20 2 5 

30,000 ,   " 56 15 36 5 5 15 7 -59 -40 -16 -39 -37 -58 -69 24 26 16 26 

20,000 ''     3V 2 4 12 2 5 22 10 4 -42 -26 -12 -24 -24 -40 -48 20 20 1 1 19 

ATLANTA    10   NORFOLK 448   N MI . 

5 -5, 000 4 I 52 1 23 25 8 1 -49 -35 -1 -24 -26 -44 -52 16 1 1 1 1 16 

U0,000 6 8 40 14 4 { 4 4 21 10 -72 -53 -15 -49 -47 -70 -8 3 26 2B 21 2 6 

50,000 6 1 4 5 12 58 57 1 ( 7 -64 -46 -1 5 -41 -40 -63 -74 2 4 2 7 16 26 

20,000 4 5 2V 10 2 3 2 4 1 I 5 -44 -31 -1 1 -24 -25 -42 -51 20 20 11 19 

ATLANTA    TO   OKLANDO 345   N MI. 

5 3, 000 19 19 2 9 1 1 1 -5 -24 -22 -3 -1 1 -14 -2 7 -34 16 1 7 1 1 1 7 

U0,000 2 4 2 4 9 16 1 I 1 -r -34 -52 -10 -21 -23 -4 1 -51 25 ?l 19 2 5 

30,000 2 1 25 5 1 5 15 0 -7 -28 -28 -6 -17 -19 -35 -44 22 ?4 15 2 5 

20,000 13 15 5 6 8 -2 -8 -17 -15 -5 -7 -9 -2 1 -28 18 IB 10 16 

AIIANIA    TO   PHILADELPHIA 579   N .MI. 

53,000 40 25 1 2 1 21 7 0 -43 -27 -1 -22 -25 -59 -46 16 16 1 1 15 

UO.OOO sr 4 0 14 4 2 57 1 I 8 -64 -45 -16 -45 -42 -63 -75 26 27 21 2 6 

30,000 52 5 5 ! 5 55 52 14 6 -58 -40 -15 -38 -36 -57 -68 24 26 16 26 

20,000 3B 2 5 1 1 22 2 2 9 3 -41 -26 -12 -23 -23 -39 -4H 20 20 11 19 

AIIANIA   TÜ   PITTSBURGH 457   N .MI. 

53,000 2 3 14 -2 1 5 1 1 -1 -6 -26 -1 7 1 -14 -14 -27 -54 17 1 I 1 1 15 

UO.OOO 50 21 U 2^ 19 1 -9 -43 -2B -7 -31 -2 7 -4 7 -57 27 /t 21 2/ 

30,000 2« 18 6 22 1/ 1 -8 -39 -24 -8 -26 -25 -42 -55 25 ?l i r 2f 

20,000 2 3 l 1 6 14 12 0 -6 -28 -14 -1 -16 -14 -29 -i! 21 21 12 2 0 

All ANIA    TO    HALl 1GH j 309   N .MI . 

5 i.OOC 4 t M 0 22 25 T 0 -49 -54 0 -23 -26 -44 -52 1 I 18 1 1 16 

UO ,00( 6 V 50 12 47 UU 20 9 -73 -54 -13 -49 -47 -12 -84 71 2 9 21 2f 

30.00C 61 43 10 3R ^ 15 6 -65 -46 -1 1 -40 -59 -65 -74 24 /r 17 ;r 

20,000         >• < 29 9 22 2 3 10 M -"44 -31 -9 -2 5 -25 -4 2 -51 20 20 n 19 

»HEAQMlNOS—-CORPUIEO   TOR   A      450-KT    AlKSPtfcO. 
..*--()( NOUS   ANNUAL   tWUlVAttNl   HLAOWlNDS   T OH    INOICATEO   PER   CENT   RfcL I AH IL I T U S. 

MINUS   SIGNS   nt»4UU    MLAOMlNDS. 
\Ht    BOlINO   COMPANY 
tüANSPORt   DIVISION 

NO. 
P»M 

06-9 17 6 
87 



tÜUlVALtNT   HtAOWINüS   AND   STA.MDARü   OeVIATIO^J    IN   KNOTS   FOR   GRcAT   CIRCLE   AIR   ROUTES 

HhlüHT 
IN 

FEET 

E   Q   U    1    V   A   L    b   N   T HEAD   WINDS» 

JAN      APR 
DIRECT 

JUL      OCT    ««ASO A75  A85 

ATLANTA 
bJ.OOO 
UO.OOO 
JO.OOO 
?0,000 

ATLANTA 
5-5,000 
UO.OOU 
50,000 
20,000 

ATLANTA 
b5,000 
Uü,00ü 
JO.OOO 
20,000 

ATLANTA 
b-i.OOO 
i»0,OOÜ 
50,000 
20,000 

TG ST. LOUIS 
-56  -26   -7 
-55  -Ul  -21 
-U?  -55  -lU 
-29  -25  -10 

-55 
-28 
-lö 

TO ST 
I 
7 
I 
M 

PETERSBURG 
11    5    5 
10    8    7 
15    U    6 
6    2    2 

TO SAN ANTONIO 
-UV  -57    5 -20 
-7U  -59   -6 -1*5 
-65  -1*7   -1» -31* 
-50  -50    0 -18 

TG SAN FRANCISCO 
-1*1  -51   -8 -25 
-65  -1*8  -28 -1*5 
-5M  -U2  -20 -55 
-55 -21      -12 -20 

ATLANTA TG SHKEVLPURT 
5i,00Ü -51 -58 
1*0,000 -'I -59 
50,000 -66 -1*9 
20,000 -1*2 -52 

ATLANTA 
5 5,000 
1*0,000 
50,000 
20,000 

TO TAMPA 
9 12 
9 12 
B H* 
5    7 

0 
I 1 
-ö 
-1* 

-25 
-1*8 
-5/ 
-2 1 

AI1ANTA TO WASHINGTON, D.C. 
5 5,000 
1*0,000 
50,000 
2 0,000 

5V 
56 
5 1 

26 
Hü 

55 
2 5 

0 

12 

1 1 

10 

hALTIMORfc TG BOSTON 
55,000   HO 22    7 
ItQ.OOO   57 59   27 
50,000   55 56   25 
2H,,000   1*1 21*   18 

BALTIMOKL 10 BUFFALO 
55,000  -16 -1U   -8 
1*0,000  -55 -25  -21 
50,000  -55 -22  -15 
20,000  -20 -18  -10 

BALTIMORE TO 
54,000  -5H 
1*0,000  -56 
50,000  -51 
20,000  -5/ 

CHARLOTTE 
-25    0 
-59  -15 
-55  -15 
-22  -II 

BALIIMORC IG CHICAGO 
55,000 -1*1* 
1*0,000 -ti 
50,000 -69 
20,000 -*r 

BALTIHORL 10 
55,000 -*8 
1*0,000 -'6 
50,000 -t>l 
20,000 -U5 

-50 -15 
-1*9 -58 
-U5 -50 
-51 -21 

DAllAS 
- 5M -U 
-51* -20 
-i*6 -15 
-51 -12 

20 
U 1 
51* 
2 1 

26 
1*6 
59 
27 

-8 
■1 ! 
15 
-9 

-20 
-1*2 
-36 
-22 

-71 
-U7 
-bi 
-28 

-25 
-1*8 
-no 
-21« 

-2 1 
-56 
-29 
-18 

-27 
-1*7 
-57 
-2 1 

-26 
-1*5 
-56 
-22 

-29 
-1*9 
-59 
-23 

21 

51 
21 

2 5 
Ul 
5^ 
26 

-55 
-56 
-U9 
-32 

-i* 
-8 
-7 
-7 

-i*i» 

-70 
-59 
-if 

-ir 
-60 
-52 
-53 

-1*6 
-75 
-65 
-1*0 

-5 
-7 
-6 
-6 

6 
16 
1 5 
8 

9 
2! 
18 
12 

-27 -Ul 
-5t -n 
-U5 -66 
-50 -U6 

-28 
-U9 
-m 
-26 

5 
1 1 
8 
5 

-11 -22 -29 
-2U -U5 -55 
-21 -UO -51 
-1U -28 -36 

-20 -55 -U5 
-57 -58 -TO 
-52 -53 -6U 
-2 1 -56 -U6 

-U8 
-B2 
-IH 

-55 

JAN  APR 

-1*2 52 
-67 U3 
-60 38 
-Ul 2U 

-9 -13 
-16 -IV 
-1U -15 
-12 -8 

-51 U8 
-81 72 
-70 61 
-US 38 

-U5 UO 
-69 60 
-61 51 
-UO 33 

-SU 50 
-85 75 
-Ik 6U 
-U9 Ul 

-8 -15 
-15 -2 1 
-15 -17 
-12 -9 

-1 -U2 
6 -6U 
U -57 
2 -UO 

-U5 -50 
-70 -81 
-62 -75 
- u 1 - U 9 

2U 
55 
50 
21 

-IU 
-20 
-19 
-9 

56 
56 
U5 
29 

51 
U6 
UO 
26 

57 
57 
U7 
51 

-15 
-21 
-20 
-10 

-U2 
-6U 
-6 1 
-UU 

10 
22 
21 
1U 

3U 
U6 
U2 
5 5 

U5 
ro 
66 
U5 

u r 
75 
6 5 
U5 

R E 
JUL 

T U 
OCT 

N 
A50 A75  A85 

7 
19 
13 
9 

-2 

7 
26 
19 
12 

- 1 
10 
8 
U 

-5 
-9 
-5 
-2 

-2U 
-U5 
-UO 
-27 

1 1 
16 
16 
15 

21 
5 5 
50 
19 

29 
U6 
U5 
50 

55 
51 
UU 
29 

17 
50 
2U 
16 

-6 
-12 
-9 
-5 

19 
U3 
32 
17 

25 
Ul 
55 
19 

2 5 
U6 
36 
20 

-! 
-15 
-10 
-5 

-28 -1 -21 
-U5 -11» -UU 
-39 -15 -if 
-25 -10 -22 

-8 -27 
-30 -U9 
-27 -U3 
-19 -29 

8 
1 7 
12 
9 

0 
1 I 
12 
10 

12 
56 
29 
20 

5 
18 
1U 
1 1 

19 
M 
52 
2 0 

26 
UU 
59 
2? 

2U 
U6 
M 
25 

19 
51 
25 
16 

-9 
-IU 
-1 1 
-5 

26 
U5 
55 
20 

25 
U2 
3U 
21 

7 
13 

-20 
-31 
-26 
-15 

5 
20 
15 
5 

13 
28 
20 
12 

28 8 
U8 23 
37 15 
22 f 

-9 
■16 
■12 
-5 

-22 
-Ul 
-35 
-23 

-2U 
-U6 
-Ul 
-28 

9 
16 
1U 
10 

17 
51 
27 
19 

26 
U8 
U5 
29 

U6 
58 
25 

-20 
-32 
-27 
-16 

2 
U 
0 

-1 

-25 
-UO 
-3U 
-22 

8 
22 
IU 
8 

0 
10 
5 
2 

-2! 
-Ul 
-35 
-22 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

IU 
30 
2U 
16 

1 I 
26 
19 
12 

9 
20 
15 
9 

U 
16 
1 1 

r 

.HtAÜ»<lNOS--COMPUUO FOR A  U50-KT AlHSPfcfcD. 
,.A.-01N0US ANNUAl twUlVALtNI HEADWINDS FOR INÜICAIEU PER CENT RELI Ab ILII11S 

■MNUS SU.NS »tNÜIt HtAOwINOS. 

17 
27 
27 
21 

16 
25 
22 
18 

15 
2U 
23 
17 

12 
19 
20 
15 

17 
26 
25 
19 

16 
25 
22 
18 

38 -U6 17 
63 -75 26 
57 -68 21* 
38 -U7 20 

39 -U7 19 
67 -78 50 
6 3 -75 32 
UU -55 2 3 

-2 -8 19 
-5 -13 30 
-5 -15 30 
-5 -I 1 2U 

u -3 17 
11 1 28 
10 1 26 
6 0 22 

17 
27 
2T 
22 

15 
25 
22 
18 

U20 N MI. 
17 1 1 15 
27 21 26 
27 17 28 
20 1 1 20 

355 N. Ml. 
17 IG 17 
26 19 2U 
23 15 23 
18 10 16 

758 N. MI. 
15 10 IU 
2U 18 21 
22 IU 22 
16 9 15 

1853 N.MI. 
11 8 10 
18 15 18 
18 12 18 
13    8   13 

U77 N.MI. 
16 II 15 
27   20   23 
25 15 25 
18   10   18 

355 N.MI. 
1f   10   1? 
26 19 2U 
23 15 23 
18   10   16 

U75 N.MI. 
17 11    16 
27 21 26 
2 7 17 2 7 
20   II   19 

1 7 
29 
51 
25 

1 7 
29 
51 
2 3 

18 
29 
29 
22 

32 1 N. 
12 
2 5 
21 
15 

MI. 
16 
2 9 
50 
22 

2U5 N.MI. 
13 16 
25 29 
21 30 
IU   25 

313 N. 
12 
22 
IH 
12 

MI. 
16 
2 8 
28 
21 

539 N.MI. 
16 12 15 
26 22 27 
28 18 28 
2 1   13   2 1 

10U8 N.MI. 
IU 9 13 
25 18 22 
23   IU   23 
ir  io  16 

p»i,t KH 

IHE BOEINC COMPANY 
TRANSPORT DIVISION 

NO. 06-9 W6 



EQUIVALENT HLADwIMUS AMD STANDARD DEVIATION IN KNOTS FOK GREAT CIRCLE AIR ROUTES 

I 
I 

HEIGHT E    0   U    I V   A   L t   N   T H t   A   D W   1 N   D   S« STANDARC DEVIATION IN D I    R   E C   T R E    T   U R   N 
EEET JAN APR JUL OCT ••ASO A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

BALTIMORE   TC DENVER 
1502   N.MI. 

9            1 2 
5^,000 -44 -31 -12 -27 -28 -40 -46 43 30 12 26 27 16 1 1 14 1 3 
"♦O.OOO -74 -48 -38 -47 -50 -68 -77 72 47 56 4b 48 35 25 22 20 18 22 
30,000 -65 -44 -29 -42 -43 -60 -71 62 42 28 39 41 26 19 23 22 14 22 
20IOOO -4 3 -29 -20 -28 -28 -41 -48 42 28 19 27 27 17 12 17 17 10 16 

BALTIMORE    TO DETROIT 
355   N 

12 
.HI. 

IS 
S3,000 -39 -21 -12 -24 -24 -37 -45 36 26 12 22 2 3 1 1 6 18 1 7 
hO,000 -6« -45 -36 -42 -47 -67 -79 63 41 34 38 43 24 14 29 28 24 28 
50,000 -65 -42 -28 -38 -42 -63 -75 59 39 27 34 38 19 10 28 29 20 29 
20,000 -44 -30 -19 -2 5 -28 -44 -53 41 29 19 23 26 13 6 23 25 13 22 

BALTIMORE    TO HOUSTON 
080   N 

9 
.MI. 

1 3 
53,000 -46 -32 1 -22 -25 -40 -48 44 30 -1 21 24 7 0 14 1 4 uo.ooo -n -SI -12 -45 -45 -66 -76 67 47 10 4 2 41 21 10 22 2 3 17 2 1 
30,000 -62 -43 -10 -36 -3 7 -58 -68 59 40 9 33 34 15 7 2 1 22 1 i 22 
20,000 -4 1 -28 -6 -2 1 -22 -38 -45 39 26 6 20 21 8 3 17 16 9 16 

BALTIMORE    TO KANSAS   CITY 
833   N 

10 
.Ml. 

1 3 
53,000 -4« -33 -1 1 -28 -29 -43 -SO 47 32 10 27 28 IS 9 16 lb 
10,000 -1 ! -52 -34 -SO -52 -72 -83 75 50 33 48 SO 52 23 25 24 20 25 
30,000 -n -47 -27 -44 -45 -66 -78 68 4S 26 42 43 25 17 25 25 16 25 
20,000 -48 -32 -19 -29 -30 -45 -54 46 3 0 19 28 29 17 1 1 19 19 11 19 

BALTIMORE    TO 
S3,000      -k2 

LOS 
-31 

ANGELES 
-9      -24 -27 -37 -43 40 31 9 24 26 IS 9 12 

2018   N 
10            8 

.MI. 
1 0 40,000 -68 -48 -33 -44 -47 -62 -71 65 46 32 42 4S 52 25 19 I 7 14 1 i 

30,000 -SV -4 3 -25 -37 -39 -54 -63 56 4 1 24 3S 57 24 18 20 18 12 1 7 
20,000 -38 -28 -1 7 -23 -25 -36 -42 37 27 16 22 24 IS 1 1 14 1 3 8 13 

BALTIMORE    TO MIAMI 
S3,000 -14 -6 3 -6 -5 -IS -22 9 2 -4 4 2 -7 -12 14 1 b 

822   N 
9 

.HI. 

15 
2 3 

40,000 -21 - 1 ! 2 -16 -12 -29 -37 9 a -4 1 1 6 -9 -17 22 24 | / 
30,000 -1 1 - 10 0 -13 -9 -2 3 -3 1 8 5 -1 9 5 -8 -15 20 2 1 14 2 1 
20,000 - 12 - 1 -4 -9 -8 -1 7 -23 8 k 3 8 6 -5 -8 17 16 9 IS 

BALTIMORt    10 MONTREAL 
599   N. 

12 
MI. 

IS 
28 

S3,000 16 7 0 12 8 -2 -a -21 -9 -1 -14 -1 1 -2 3 -29 18 1 6 
4 0,000 20 \2 7 2 0 14 -4 -14 -32 -19 -12 -27 -22 -4 1 -52 29 2 7 24 
50,000 19 10 8 18 1 5 -s -is -31 -16 -12 -24 -20 -39 -51 31 30 2 1 2 9 
20,00 0 16 6 6 13 9 - 4 -i i -22 -9 -a -16 -13 -27 -35 23 25 14 22 

BALTIMORE    TO PHOENIX 
S3,000 -44 - 3 5 -8 -2b -28 -40 -46 4 3 3 3 r 24 27 14 8 12 1 1             8 

M I . 
1 1 
1 9 

40,000 -Vi -52 -29 -46 -48 -65 -r'S 6 9 SO 2 8 4 4 46 31 23 20 1 9 1 5 
30,00 0 -62 -4 6 -22 -30 -40 -58 -67 6 0 4 3 21 36 38 23 1 7 2 1 1 9 1 2 19 

13 
20,000 -4 1 -29 -IS -2 5 -25 -38 -44 5 9 28 15 22 24 14 10 IS 14 8 

BALTIMORt    TO PROVIDENCl 
53,000 42 24 7 27 2 4 10 4 -44 -25 -8 -28 -25 -40 -48 19 

2 84    N. 
17            15 

MI . 
16 

2 9 
50 
2 2 

40,000 60 'i 1 28 4 I 4 3 2 3 1 5 -66 -45 -3 1 -50 -47 -69 -80 30 29 25 
30,000 SB 39 26 h 1 57 20 10 -64 -43 -28 -44 -45 -65 -77 32 i 1 2 1 
20,000 43 26 18 28 27 1 5 6 -45 -28 - 19 -29 -29 -45 -54 24 25 13 

L 

BÄLTIHORE    10 ROCHESTER. N. Y. 
S3,000 -1 -8 -6 -3 -6 -1 7 -25 1 6 6 0 3 -8 -14 19 

24 1    N. 
17            1 ^ 

MI. 
16 
2 9 

40,000 -20 -1 3 -14 -6 -13 -35 -4 3     : 6 6 10 -2 S -14 -24 50 29 2S 
30,000 -19 - 14 -9 -S - 1 1 - 31 -4 1 6 1 5 -2 4 -14 -25 51 4 1 2 1 50 

2 5 
20,000 - 10 - 12 -6 -3 -7 -2 1 -29 5 8 4 0 4 -10 -18 2 4 2 3 14 

BALTIMORE    10 sr.  Louts 
53,000 -SO - 53 - 10 -28 -29 -44 -52 4 7 3 5 9 28 29 15 8 1 7 1 A          11 

M I . 
14 
2 6 
2 I 

40,000 -?8 -•■>3 - 35 -SI -S3 -74 -85 7 6 51 51 4 7 SI 31 22 26 2b 2 1 
30,000 -li -UH -26 -45 -46 -68 -80 70 4 6 2S 45 44 2S 1 7 26 2 7 1 t 
20,000 -4V - ',? - 19 -2 9 -30 -46 -56 48 5 1 19 2H 2; 16 10 21 20 12 20 

BALflMORt    TO SAN   F KÄNC SCO 
S3,000 - W -,'rt - 1 3 -2S -2S - 5S -4G 58 28 12 24 25 16 1 1 1 1 

2 12V   N. 
i n           i 

Ml . 

40.000 -hi -Hi - 3B -44 -46 -60 -67 6 1 4? 5/ It 1 44 52 26 1 8 1 i 1 4 18 
18 
1 5 

30,000 -56 -40 -29 -37 -39 -5 5 -61 53 38 2H 35 57 25 19 1 9 1 8 12 
8 

20,000 - M -26 - 1 9 -2 4 -25 -3S -4i        1 J5 2S 18 25 24 16 12 14 1 3 

• H£ftDMll«US--COMI>UltO   FOR   A      4S0-KT    AIRSPtED. 
p« A--iii MOT ( S   ANNUAL   EuulVAltNl    HEAOWt^US   FOR    IHOK 

M1S;:S    SJMJS   DtNOIt    HtAOMlNbS. 
A1ED   PER   CEST    RfcL UoILl 1 Its. 

THl-    rtOEING   COMPANY 
THA;«SPOtU    DIVISION 

NO. 
»AGE 

U6-9I76 



tüUIVALtNr   HtAOrtlNÜS   ANÜ   STANDARO   DEVIATION    IN   K1>JOTS   FOK   GKtAT    CIRCLE   AIR   RUUTES 

HLIÜH( 
IN 

E U U I V A L L N T H £ A n A   i r D S« STANDARD DEVIATION 
0 I R E C T R   E T U R N 

FtET JAN APR JUL OCT •»A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL  OCT 

BALTIMORE TO SYRACUSE 238 N.MI, 
53,000 ? 0 -3 6 2 -9 -IM -13 -3 2 -9 -5 -17 -23 19 17 13   16 
140,000 ? 1 -3 9 2 - 1 T -27 -16 -9 -2 -\7 -I I -30 -MI 30 29 25   29 
30,000 2 0 1 a 3 -16 -26 -15 -7 -M -15 -10 -29 -MO 31 3 1 21   30 
20,000 5 -2 1 6 2 -1 1 -19 -11 -2 -5 -9 -6 -20 -28 2M 2 5 IM   ' 5 

BALTIMORE TG TAMPA 733 N.MI. 
5 3,000 -214 -1U 3 -1 1 -1 1 -23 -30 19 10 -M 9 8 -3 -8 IS 15 10   15 
HO,000 -35 -27 -1 -26 -22 -HO -50 2M 19 -1 20 15 -2 -10 23 25 18   2M 
30,000 -50 -20 -3 -2 1 -18 -314 -143 21 13 2 17 13 - 1 -8 21 23 IS   2 2 
20,000 -22 -13 -5 -13 -12 -^14 -31 18 1 1 5 1 1 10 0 -5 18 1 7 10   16 

BERMUÜA TO WASHINGTON 717 N.MI . 
53,000 -14 3 -33 -7 -22 -25 -Ml -148 Ml 3 1 r 2 1 2M 10 M 17 I 7 10    15 
140,000 -60 -ÜB -20 -35 -39 -59 -n 55 MM 1H 31 3 6 18 9 26 26 19   2M 
30,000 -5U -143 -16 -29 -33 -SU -6M 50 MO 15 26 30 IM 6 26 25 15   23 
20,000 -3? -29 -1 1 -17 -21 -36 -4M 5M 27 1 1 15 20 9 3 19 18 10   17 

BILLINGS IG BISMARK 328 N.MI. 
53,000 29 1 9 16 2 2 21 1 1 f -30 -19 -16 -23 -2 1 -31 -37 16 IM 11   13 
"40,000 h 1 29 142 3 6 57 20 1 1 -MM -30 -M3 -38 -39 -56 -65 25 2 5 2 3   2 8 
30,000 U 1 27 3 5 3l4 514 16 6 -M3 -29 -37 -36 -36 -5M -6M 29 27 21   29 

■ 20,000 2li 19 2 3 214 25 1 1 5 -29 -20 -23 -26 -2M -37 -M3 20 19 IM    19 

BINGHAMPTON IG PIIISHURGH 2 17 N.MI. 
5 3,00 0 -145 -27 -9 -28 -26 -Ml -M9 M3 25 9 27 25 12 S 19 1 7 13   16 
1(0,000 -69 -US -32 -50 -148 -70 -81 6M M2 50 M7 US 2M IM 30 29 25   2 9 
50,000 -66 -142 -29 -US -UI4 -66 -78 61 58 2 7 M2 UO 2 1 1 1 30 51 21   30 
20,000 -U5 -27 -20 -50 -29 -I45 -55 M3 2M 19 2 8 27 1 3 6 2M 214 IM   23 

BIKMING HAM r i) CHARLOTTt 30M N.MI. 
53,000 l)V 5 5 0 23 27 8 0 -51 -36 - 1 -2M -28 -M6 -5M 17 1 7 11    16 
l»0 ,000 ru M 12 ii r i»? 22 10 -76 -56 -IM -M9 -U9 -7 3 -86 27 29 21   27 
50,000 6 b 14 5 10 5 8 58 16 6 -67 -M7 -10 -MO -MO -6M -76 25 27 17   27 
20,000 M 5 51 H 22 2i) 10 3 -MM -32 -9 -23 -2 5 -M2 -51 21 2 0 11    19 

BIRMINGHAM TU CHICAGO 508 N.MI. 
55,000 -8 -5 -5 -14 -6 -15 -2 1 1 ? 5 1 5 -7 -13 1 7 16 11   15 
ii 0,000 - 1 1 - 10 -1 1 -7 -10 -2 7 -56 -M 2 8 0 2 -16 -25 ?! 2 6 2 1   2 6 
50,000 -10 -V -7 -0 -ö -2M -55 -5 ? 5 0 1 -15 -2M 2 1 2 7 17   2 8 
2 0,000 -14 -6 -3 -5 -k - 16 -23 -2 5 2 ? 1 -10 - 17 21 20 12   20 

H 1 KM INI, (AM ro GRL NSöOKO 368 N.MI. 
5 5,000 UH 55 0 2 5 25 8 0 -M9 -3M - 1 -2 3 -27 -MM -52 1 7 1 7 11    16 
14 0 , 0 0 0 J1 S i 12 14') U5 2 1 10 -75 -SU - IM -M9 -U8 -72 -8M 27 2 8 21   26 
30,000 65 tl ä 10 5^ 57 15 6 -66 -M6 -1 1 -MO -39 -6 5 -75 2U 27 16   2 7 
20,000 14 5 30 9 22 23 10 M -MM -31 -9 -2 3 -25 -M2 -51 20 2 0 11   19 

rtlRHlNGHAM 10 NEW ORLEANS 2 7 9 N.MI. 
5 5,000 - 5H -25 6 -15 -1 7 -514 -142 511 23 - r IM 15 0 -8 1 r 1 7 11    16 
uo.ooo -■>9 -U2 0 -52 -53 -56 -68 52 55 -1 28 28 6 -M 27 27 20   2M 
30,000 -50 - 55 -2 -25 ' -26 -I48 -59 MS 28 1 2 1 2 2 5 -5 2 5 2 6 16   25 
2 0,00 0 -51 - .> 1 2 -1 5 -I14 -50 -59 2 9 19 -2 12 1 5 -1 -6 19 19 10    18 

8IHMING 1 AM 1 0 NEW YORK 750 N.MI. 
■•> 5,000 M 5 // 2 23 2 3 9 2 -M5 -29 -3 -211 -25 -UO -1(7 16 15 10   1U 
HO,00 0 62 U3 1 / Uli h 1 21 12 -68 -M r - 19 -U7 -MS -66 -77 2 5 25 20   2 5 
50,000 5^ 5H 16 3? 56 1 7 9 1 -62 -M2 -1 r -MO -59 -60 -7 1 2k 25 16   25 
2 0,0 00 M 1 25 12 23 2M 1 1 5 -U3 -28 -15 -25 -2 5 -M 1 -UV 19 19 11    18 

HIHMI Mi, lAv ro PtTI iBÜKli H 5 19 N.Mi. 
5 5,000 5 1 20 0 1 ? 16 5 -3 -55 -22 0 -18 - 18 -3 5 -MO 1 7 16 11    15 
"40,000 Üb 30 8 52 2H 9 - 1 -55 -36 -11 -57 -5M -55 -66 26 ? 1 21   26 
50,00 0 u 1 26 9 2t 2M 7 -2 -M9 -52 -10 -51 -2 9 -UV -61 25 2 1 17   27 
2 ),000 50 1; B 1 1 16 M -2 -5M -20 -9 -19 -18 -35 -M2 2 1 20 1 1   20 

rt 1 •<" 1 -4,, HAM ro r<,\SI U MG ION, !) .C. 5 67 N.KI. 
5 5,000 u 5 2 9 1 22 23 8 1 -U6 -30 -1 -2 5 -25 -u 1 -M8 1 6 16 11    15 

- MO,000 614 Itli IM MM i4 1 20 10 -69 -M9 - 16 -UZ -MS -6 7 -7; 26 2 1 2 0    2 S 
$0,0 0 0 1/ 59 1 5 56 5S 15 7 -62 -M2 - IM -59 -58 -60 -71 2M 26 16    26 
20.000 14 \ 26 10 22 2 5 10 u 1 -Mi -28 - I 1 -?!. -2M -MO -M9 20 20 1 1    IV 

• MfcAum.ltni —COMPUltO   FOR    A      MVO-M    Al«SPLtb. 
»•A—OtMOHS   AHNUAl    t»UlVAlt.NI    HtAOMl<«OS   FOR    INDICATED   PER   Cf«I    HL L I Au U I 11 t "s. 

«IN     .    Si.,SS   DtNOft   Hi. AD« I NU S. 

P&4,t - 
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bUUIVALtm HfcAOWlNOS AND STANOAKD DEVIATION IN KNOTS FOK GRfcAT CIRCLt AIR ROUTES 

I 
i 
| 

I 
I 

HblüHT E g u i v A L E N T H E A D M I N D S» STANDARD DEVIA TION 
IN D I R E C T R E T U R N 

Fttr JAN APR JUL OCT • ♦A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

BlSMARH TO MINNEAFÜL1S 335 N .MI. 
53,000 5 3 20 IS 25 22 12 r -3U -20 -15 -25 -23 -3U -UO 17 IU 12 IU 
40,000 uv 5 1 U3 U 1 Ul 2U 15 -5! -33 -1*5 -1*3 -U3 -60 -70 25 23 23 28 
50,000 t*f 50 5.' 37 57 19 10 -50 -32 -38 -39 -UO -58 -68 29 28 21 29 
20,000 a 2 2 25 27 26 1U 7 -31* -23 -2U -28 -2 7 -1*0 -U7 21 20 11* 20 

BOISE TÜ DfcNVE" 556 N .MI. 
53,000 52 2 1 • 9 22 20 10 S -33 -21 -10 -23 -21 -32 -38 16 IU 1 1 11* 
UO.OOO ur i 1 29 5 5 35 IB 9 -U9 -33 -32 -37 -37 -55 -6U 27 2U 22 27 
50,000 H 1 29 2U 32 31 1U 5 -UU -31 -26 -3U -53 -51 -61 30 27 19 27 
20,000 2 a 19 IS 2! 20 8 2 -30 -20 -16 -22 -21 -34 -Ul 21 19 12 18 

HOlSfc TO FÜKILANU ORE 298 N .MI. 
53,000 -50 -1H -1 1 -22 -20 -31 -37 30 1 7 10 21 19 9 U 17 15 1 1 13 
'4 0,000 -ki -5 1 -25 -37 -3U -S3 -63 Ul 29 23 35 32 1 3 U 28 26 2U 29 
50,000 -Hi -31 -2U -5U -33 -53 -6U UO 29 22 32 30 1 1 0 32 30 23 31 
20,000 -2B - 19 -16 -22 -21 -55 -U3 27 1 7 16 20 20 6 -1 23 22 IS 21 

BOISE TO RENO 291 N .MI. 
53,000 - 15 -15 -13 -12 -13 -22 -27 10 1 1 13 1 1 1 1 2 -u 18 15 1 1 IU 
UO.OOO -2 1 -16 -27 -2 1 -22 -UO -U9 15 12 25 17 1 7 -1 -11 28 27 2U 29 
.50,000 -20 -16 -22 -IS -10 -37 -U7 1U 12 20 IU IU -S -16 32 2 9 23 29 
20,000 -12 -10 -IU -1 1 -12 -25 -32 9 R 13 9 10 -3 -1 1 2U 21 IU 2 1 

BOISE TO SAL LAKl CITY 252 N MI. 
^OOO 27 16 5 IB 16 S 0 -29 -17 -6 -19 -17 -28 -35 18 IS 11 IU 
1(0,000 5(1 25 18 zr 27 B -1 -1*2 -28 -22 -31 -30 -U9 -59 29 26 2U 2 9 

50,000 5 b 2U IS ? i 2U S -5 -39 -2 7 -18 -30 -27 -U 7 -58 32 30 22 29 
20,000 21) 15 10 1 7 16 5 -U -26 -17 -1 1 -IB -17 -31 -38 23 21 IU 20 

HOISE TO SAN FRANCISCO U53 N. Ml. 
V5,000 -15 - 15 -tu -1U -1U -23 -29 13 13 1 5 12 13 U -1 17 IU 1 1 13 
uo.ooo -25 -19 -29 -2 3 -2U -Ul -51 19 IS 2 7 19 20 3 -7 27 26 2 3 2 7 

50,000 -2 5 -Iri -22 -i r -20 -58 -1*8 17 IU 20 13 16 -2 -12 31 28 22 28 
20,000 -lij -1 1 - 1U -12 -13 -25 -32 1 1 10 1 5 10 1 1 -1 -8 23 21 15 19 

Hoist re sfcArrLE 5U6 N. Ml . 

'>5,000 -2d - 1U -7 - IB -16 -2 7 -33 27 IU 7 IB IS 5 0 17 IU 11 15 
i(0,000 -5H -26 -19 - 53 -28 -U7 -5 7 35 2U 16 50 26 8 -2 27 25 23 29 
^0,000 -5H -2 6 -19 -50 -28 -UB -59 3U 2 5 16 27 2U S -5 31 30 23 30 
2 0,000 -2b - 15 -12 -19 -17 -51 -59 2 3 IU 1 1 17 16 2 -5 22 2 1 15 2 1 

BOS I ON 10 ÜUFIALO 5U3 N. Ml. 
S5,000 -US -29 -lU -29 -28 -U 1 -U9 UU 2 8 IU 28 27 IS 9 18 16 12 IS 
1(0,000 -T? -UÖ -U 1 -52 -52 -73 -8U 69 US 5 9 SO SO 31 21 29 2 8 25 29 
50,000 -69 -U6 -37 -U6 -UB -70 -82 66 UU 5S UU U6 26 16 33 5 1 22 50 
20,000 -lit -52 -25 -5 1 -52 -1*8 -57 US 5 0 2U 30 51 1 7 10 25 25 IU 22 

BO SI ON TO   CHIOAGO 751 N. MI . 

53,000 -US -2 9 -1 5 -29 -28 -U 1 -UB UU 2 8 1 5 28 27 16 10 16 IU 1 1 IU 
UO.OOO -n -UB -uo -51 -52 -7 1 -81 70 U6 58 U9 SO 52 23 26 2U 22 2S 
50,000 -69 -US - 55 -U6 -U7 -6? -78 6 7 U5 5U UK US 27 19 2 8 27 19 2 6 
20,000 -Hf -50 -2U -51 -51 -1*6 -su \ US 2 9 2 5 50 51 18 .2 21 20 12 2 0 

BOSTON 10 CLEVELAh U U8B N. Ml . 

5 3,000 -u 1 -29 - 1 5 -30 -28 -U2 -SO '\ U6 2 9 12 29 2 8 IS 9 1 7 16 12 IS 
UO.OOO -ru -U9 -59 -5 5 -53 -7 5 -8U 72 U7 5 7 SI 51 5 2 22 28 2 7 25 27 
50,000 -i i -U6 -35 -u? -UH -69 -81 68 UU 5 5 US U6 27 17 50 29 20 2 8 
20,000 -UB -31 -25 -52 -52 -U8 -sr ; U7 30 25 51 51 IB 1 1 22 22 1 5 2 1 

BOSTON ro UAI LAS 1 3U8 N. MI . 
5 5,000 -U6 -51 -6 -26 -27 -UO -I»? US 50 5 2S 26 12 6 IU 1 5 9 12 
1(0,000 -fi -50 -25 -Urt -u« -67 -78 69 i» 7 2 5 US US 2B 19 22 21 1 7 2 ! 
50,000 -66 -us -20 -U 1 -ul -61 -71 6 5 U,' 19 38 5 8 22 IU 22 2 2 IU 2X 
20,  )00 -uu -  '9 - IS -26 -2? -Ul -U8 U2 27 IU 2U 25 IU 9 17 16 9 16 

BOS ION 10 Dt jyi R 1530 N. Ml. 
55,000 -u 1 • 2H -1 5 ~? 1 -26 -5/' -U 3 UO 27 1 5 26 /h 16 1 1 13 1 1 9 1 1 
UO.OOO -6V -~ » S -UO -U 7 -U9 -65 - M 66 liü 39 US U 7 5^ 26 20 IV 1 7 20 
10, -6.- - '» - 5 \ -%2 -HI -S9 -68 60 39 32 39 Ul 27 20 22 21 lu 21 
2 0,0 -U 1 -; .>■■ -22 -28 -28 -UO -u / UO : 7 .' l 21 27 18 1 5 16 16 10 IS 

.Mt4DwIN0S--ClvfUIEO   FOR    &      USO-KT    AIKSPEED. 

• •a--i t •■•Ult S    AV     Al    (wüIVAltNl   HEAOWMDS   FOR    INUICAIfcO   PtR   CENT   KEL I AalL 1 TIES. 
-!■.    S    Sl'.NS   Ot -.OIL   HtAOwlNDS. 

THE    BOEING   COMPANY 
tBANSPOXt    DIVISION 

NO.       D6-9176 
PAGE vl 



LÜUIVALENT   HEADWINDS   AND   STANDARO   DEVIATION    IN   KNOTS   FOK   GREAT   CIRCLE   AIR   ROUTES 

HE1GHT E   0   U    I    V A   L E   N   T H   E A   D W   I   N D   S» STANDARD DEVIA TION 
IN D   I R   E C    T R   E T   U   R N 

FEET JAN APR JUL OCT • •A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL ÜCT 

BOSTON TO   DETROIT 548   N .MI. 
5-1,000 -1*6 -29 -13 -29 -28 -U2 -49 45 28 13 29 28 15 10 17 15 12 14 
UO.OOO -^3 -1*9 -1*0 -52 -53 -72 -83 71 47 38 50 51 32 22 27 26 23 27 
30,000 -70 -1*6 -35 -1*7 -1*8 -69 -80 68 43 34 44 46 2 7 18 29 29 20 28 
20,000 -1*7 -31 -24 -32 -32 -47 -56 46 30 24 30 31 18 1 1 22 22 13 21 

BOSTON TO   LOS   ANGELES ?263   N .MI . 
5:S,000 -39 -29 -1 1 -24 -25 -35 -40 38 28 1 1 24 25 15 1 1 1 1 10 7 9 
U0,000 -61* -1*5 -37 -UK -1*6 -60 -67 61 42 36 41 44 32 2 6 18 16 14 17 
30,000 -57 -1*1 -29 -37 -39 -53 -61 54 38 28 35 37 26 20 19 18 12 1 7 
20,000 -37 -26 -19 -24 -25 -35 -41 35 25 19 23 24 16 12 14 13 8 12 

BOSTON TO   MI AMI 1094   N .MI. 
53,000 -2 3 -12 2 -12 -10 -22 -28 18 9 -2 10 8 -2 -7 14 14 9 14 
HO,000 -31* -27 -I* -25 -22 -38 -47 23 19 2 20 16 1 -7 22 22 17 2 1 
30,000 -29 -20 -6 — ?   1 -18 -32 -41 21 14 4 \7 13 0 -6 21 21 14 20 
2 0,000 -2 1 -11* -7 -14 -13 -23 -29 17 1 1 6 13 1 1 2 -3 16 16 9 14 

BOSTON TO   MONTREAL 221    N .MI . 
53,000 -2 1 -16 -11 -13 -15 -26 -32 17 14 10 1 1 13 2 -3 19 16 13 16 
UO.OOO -37 -27 -26 -26 -29 -49 -59 26 22 22 18 22 3 -8 30 28 26 30 
30,000 -35 -28 -21* -23 -27 -48 -59 24 22 20 16 21 0 -1 1 36 33 23 31 
20,000 -21 -19 -15 -15 -17 -32 -40 16 16 14 12 14 0 -8 25 24 15 2 3 

BOSTON TO   PHILADELPHIA 242   N .MI . 
5 5,000 -1*1 -23 -8 -27 -23 -38 -46 39 21 7 26 22 9 3 19 1 7 12 16 
1*0,000 -62 -'42 -30 -1*9 -i*5 -66 -78 56 38 27 45 4 1 20 10 30 29 25 30 
30,000 -60 -1*0 -28 -1*2 -Ul -63 -75 54 35 26 37 37 17 7 33 52 21 3 0 
20,000 

• 
-i»3 -26 -19 -29 -28 -44 -53 40 2l| 18 27 26 12 4 24 24 14 2 3 

BOSTON TO   PillSBURGH 430   N. MI . 
M.OOO -1*7 -29 -1 1 -30 -28 -43 -50 46 28 1 1 29 2 7 14 8 18 16 12 15 
1*0,000 -73 -1*9 -i( -53 -52 -fi -84 70 ur 35 51 50 30 20 28 27 24 28 
30,000 -7C -1*6 -3 3 -1*7 -i*7 -69 -81 6 7 45 5? 45 45 26 16 50 50 20 29 
20,000 -ua -3 1 -2 3 -12 -32 -47 -5/ 47 2 9 22 10 50 ! ! 10 2 3 22 1 5 22 

BOSTON TO   SAN   FRANCISCO 2 343   N. MI . 
Si,000 -36 -25 -11* -21* -21* -33 -38 35 25 14 2 4 24 16 12 1 1 9 7 9 
1*0,000 -5H -1*0 -1*1 -Ul -1*5 -57 -64 56 38 40 41 45 3 2 26 17 16 14 1 7 
30,000 -51* -IB -11* -3d -U0 -52 -59 51 55 32 35 57 26 20 19 1 7 12 1 7 
20,000 -35 -25 -21 -25 -26 -34 -40 13 2 3 21 2 4 25 1 7 13 14 1 5 8 12 

BOSTON 10   SYRACUSt 230   N. Ml . 
5 1 ,000 -i*i* -28 - 11* -28 -2 7 -4 1 -49 43 2T 14 2H 27 14 9 19 ! 7 15 16 
1*0,00 0 -70 -1*8 -1*0 -51 -52 -72 -84 67 46 19 4 8 49 29 19 10 2 9 2 6 10 
10,000 -6H -U6 -17 -1*5 -ur -6 9 -82 64 45 16 42 45 2 5 14 54 52 2 3 5 0 
2 0,000 -US -12 -25 -31 -12 -kf -56 43 10 24 29 11 16 9 24 24 15 2 1 

BOSTON TO    I AMPA 1031   H, MI . 
5 1,000 - 11 -18 1 -16 -15 -2 8 -34 26 15 -2 14 1 5 1 -4 IM 14 9 14 
U0,000 -uu -11* -a -51 -29 -47 -57 55 27 6 28 25 (' - 1 22 2 5 IT 22 
10,000 -i*C -2? -9 -2H -25 -4 1 -50 32 21 7 2 4 20 6 -1 2 1 22 14 2 1 
20,000 -2M - 18 -8 -18 -1 T -29 -56 25 16 8 16 15 5 0 1 7 1 7 9 15 

BOSTON TO   WASHINGTON,   D.C- 546   N. MI . 
5 1,000 -1,2 -21* -7 -2t -21* -39 -4/ 40 22 6 26 22 9 3 18 1 7 12 16 
1*0,000 -6 3 -i* 1 -29 -1*9 -U5 -66 -7 7 56 1« 2 6 45 14  1 2 1 I 1 2 9 2 9 24 29 
30,000 -6 1 -U0 -2? -K2 -1* 1 -62 -74 54 56 25 19 57 18 8 51 51 20 2 9 
20,000 -1* 1 -26 - 18 -28 -27 -4 1 -52 40 24 1 7 7/ 26 12 5 25 2 5 1 5 2 2 

lUiF f At 0 TO   CHICAGI 4 10   N. Ml . 
5 1,000 -i*it -28 -1 1 -28 -2 7 -40 -48 41 28 12 28 27 U V 1 1 16 12 1 5 
1*0,000 -r 1 -1.7 -19 -1*9 -51 -n -82 69 45 57 hi 4 9 50 20 28 26 21 28 
30,000 -6« -143 -35 -1*5 -U6 -67 -78 65 U 1 12 45 4 4 2s 15 2 9 2 9 2 0 2 9 
20,000 -It 6 -29 -21 -50 -10 -46 -54 4 4 27 ?2 2 ■> 29 16 9 25 22 14 ?? 

Hilf F ALO TO   DETROI1 208   H. MI . 
5 1,000 -MU -28 -12 -2 9 -27 -4 1 -4s) 44 27 i? 28 27 lu 8 18 1 6 13 16 
UO.OOO -T 1 -ur -38 -50 -5) -7 2 -8 1 69 '•5 36 it 8 u9 29 19 29 28 25 29 
50,000 -6V -Hi -11 -1*6 -U6 -68 -80 6 6 40 32 uu 4 4 2H 14 50 51 22 30 
2 0,OOC- -1*6 -28 -25 -11 - 51 -ur -55 4 5 27 22 29 29 15 H 24 24 14 23 

• HE AeH|NnS--COMPurt:0   FO»    A      U50-KT    AlHSPtED. 
• .A--iH NOU S   ANNUAL    EWOIVALENI   MEADWINOS   FOR 

-IV.-.   SIi.NS   DENOtE   HEADtUNDS- 

••&i.i • 
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L(JU1VALE.\T HL'ADWINDS AMD STANOARO ntVlATION IN KNOTS FOR GRtAT CIRCLt AIR ROUTES 

HfclGHf c c U    I 1   A   L c   N   T H e A   D W    1 M  D   S ♦ STANDARD DEVIATION 
IN D    I R   t c   r R c   T   U R   N 

FEET JAN APR JUL OCT • •A50 A75 A8S JAN APR JUL OCT A50 A75 A85 JAN APR JUL      OCT 

BUFFALC TO NEW   YORK 261   N.MI. 
Si,000 56 25 Ii 22 25 1 1 S -39 -26 -13 -23 -24 -37 -45 18 17 13         16 
40,000 SB 140 51* 38 42 22 12 -6I4 -43 -36 -42 -46 -66 -78 50 29 25        29 
iO.OOO So 5B 29 33 58 18 8 -62 -42 -31 -38 -4 1 -63 -75 52 il 2!         30 
20,000 il 28 20 25 26 12 S -Ul -30 -2 1 -25 -28 -4 3 -52 24 2i 14         23 

BUFFALO TO JH1LADLLPH1A 241   N.MI. 
Si,000 2S 20 1 1 IS 17 6 0 -29 -21 -1 1 -1 7 -19 -31 -37 19 1 7 13         16 
"♦0,000 hi 50 27 25 51 12 1 -52 -55 -30 -31 -37 -57 -68 30 29 25        29 
iO.OOO 14 1 29 21 22 28 9 -! -50 -34 -24 -28 -33 -54 -65 31 il 21         30 
20,000 27 25 IS IS 19 6 -2 -32 -25 -16 -18 -22 -3 7 -45 24 23 14        23 

BUFFALO TO AMPA 9 17   N.MI. 
Si,000 -16 -7 3 -8 -6 -1 7 -2.5 10 4 -14 5 5 -6 -1 1 14 14 10          14 
'40,000 -23 -16 I -IB -15 -50 -58 9 7 -I4 12 6 -9 -17 2 5 23 18        23 
iO.OOO -20 -1 1 -2 -IS -1 1 -26 -iU 9 4 0 10 5 -8 "If5 

-19 
20 25 15        22 

20,000 -IS -6 -i -9 •W -18 -2I4 9 3 2 7 5. -5 17 1 7 10         16 

BUFFALO TO   WASH1N( TON, D.C. 257   N.MI. 
Si,000 6 9 7 5 6 -u -10 - 12 -1 1 -8 -6 -9 -20 -26 19 17 13         16 
'«0,000 IS 12 U 14 1 1 -7 -18 -29 -19 -18 -12 -20 -38 -49 29 2 9 24         29 
<o,ono IS 12 9 U 10 -a -19 -28 -19 -12 -1 1 -1 I -36 -4 7 30 5 1 20         5 0 
20,000 10 12 r i 8 -6 -li -16 •-15 -8 -6 -1 1 -25 -35 24 25 14         23 

BUKBANK TO   SAN   FRANCISCO 284   N.MI. 
Si,000 -2/ -19 -2 -114 -II4 -27 -iU 25 17 1 1 5 1 5 2 -4 19 16 12          14 
"40,000 -140 -ii -12 -214 -27 -146 -56 56 30 8 21 25 5 -5 29 27 22        26 
•50,000 -ik -5 1 - 10 -20 -23 -1*2 -Si 31 28 8 18 20 2 -7 51 28 21         26 
20,000 -2 5 -16 -6 -10 -12 -26 -iU 21 15 S 9 1 1 -1 -8 25 21 13         18 

CALGARY TO   GRtAT    FALLS 240   N.MI. 
Si,000 20 f 5 1 5 10 0 -14 -21 -a -U -14 -1 1 -2 1 -27 1 7 li 11         13 
14 0,000 26 \ 1 Ö 1U 11) -5 -1 1 -2 9 -15 -1 1 -1 7 -17 -34 -4 5 24 2.5 23        27 
iO,000 22 12 r 18 Ht -I4 -IM -26 -15 - 10 -22 -IB -57 -47 28 2 7 23        30 

1                       20,000 IV 9 6 1') 12 -1 -? -21 -10 -8 - 1 7 -U -2 7 -54 20 19 15        20 

CALGAKY TO   RtGJNA 357   N.MI. 
1                        Si,000 2H 16 15 t 214 20 1 1 7 -29 -17 -IS -25 -2! -50 -56 16 12 10          12 

1(0,000 if 25 29 50 50 IM 6 -38 -24 -il -52 -51 -47 -55 22 2 1 22        25 
'                     iD.OOO 14 0 25 ?7 in 5 1 lU M -142 -25 -28 -37 -52 -50 -60 26 25 21         29 

20,000 2B 18 18 2S 22 to It -29 -IR -19 -26 -23 -35 -41 19 1 ! 14         19 

C. Al OAKY TO   S A S K A 1 U ON 260   N.MI. 
'ji,000 214 16 Hi 22 19 10 5 -25 -16 

-29 
-25 -19 -29 -34 16 1 5 11          li 

14 0,000 iü 21 2 7 28 27 1 1 i -52 -22 -iO -28 -44 -52 22 2 1 22        25 
»0,000 iS 20 26 5 1 28 1 1 I -57 -22 -27 -34 -50 -4B -57 26 26 22         29 

_                       20,000 2i 16 1 t 21 1 } T 1 -2U - 1 7 -1 1 -22 -20 -52 -59 19 18 15         19 

CALGARY TO    lOHONTO 1451    N.HI. 
Si,000 i? i« r, 214 21 IM 10 -53 - 19 -15 -25 -22 -30 -55 12 10 B          10 
'4 0,000 Ub 2 8 ir 5 6 57 2U 18 -U7 -30 -39 -58 -59 -5 1 -SB 1 7 16 16         20 

■                        5 0,0 00 US 29 55 5 6 55 22 15    i -148 -51 -54 -38 -5 7 -51 -59 2 0 20 16         2 1 
2 0,000 52 21 22 26 25 16 1 1 -ii -22 -23 -27 -26 -36 -4 1 IS 14 10          15 

CAI„AKY TCJ   VANCOUVER 570   N.MI. 
S5,000 -2 i - 16 - 1 5 -2i4 - 19 -28 -iü : 22 16 1 5 25 18 9 4 16 14 11          12 

■                       MCOOü - 5? -2i -20 -514 -27 -U 5 -52     ! 2 9 2 ! 18 52 25 9 0 24 22 23        25 
i0,000 - 56 -.'S -2S -56 -50 -I49 -S9     j 55 2 5 25 iU 2 8 10 0 28 28 24         29 

■                      2 0,000 -?b - 1 f - 16 -2S -2 1 - in -u 1 2K 16 16 2U 20 7 0 21 20 15         20 

CASPI  ■( 10   DtNVi B 
I 

202   N.MI. 
Si,TOO IS 8 0 t 1 B - 5 -H     | - 18 -10 - 1 -1 5 -9 -2 1 -27 18 16 12          15 
KCOOO 22 1 1 s IS 1 i -6 -15    ; -50 -IS -10 -20 -18 -57 -48 29 26 2 4         ?9 
JO.000 1H 10 s 16 1 1 - / - I ! -75 - 14 -8 -20 -16 -55 -4 6 52 50 20         2V 
?D,00ü IS 8 5 1 1 ; -U - \ 1 -18 -10 -U -15 -10 -24 -52 25 21 1 i         20 

CASP1 K TO    SA1. 1     1 A«, i    CHV 2 7 7   N.MI. 
Si,000 -2H -,' 1 - IS -1 V -20 -50 -56 26 20 14 18 19 V 4 18 IS 11          15 
nO.000 - u 2 - 51 -U I -56 - 57 -56 -6S 5H 29 39 35 35 1 I 7 2 9 26 2i         2 8 
50,00.j - in -50 -55 -29 -52 -SI -61 5i 27 32 26 50 1 1 1 52 2 V 20         2H 
2 0,000 -2». -19 -20 -19 -20 -52 -59 22 1 1 19 17 1 9 f 0 22 20 15          19 

• Mt AOM IHOS- -COMMv un  FOR   & U50- XT    AlKSPttC . 
>«*--t)tvurt s ANNUAL  tut ilVil fcNl    HtAOMlNOS   FOd INOICATEU PtH CENT HllIAn I L I T 11 S . 

«IMS SIC «s nt"40Ti   wi ABMINOS> 

1 iMt t>Ot INi,   COMP *'4Y NO. 06-917 6 

• t'ANSPO»»! 0 1 V I s IOM PAGE                   M 



tUUIVALtNT HtADWINDS ANO STANOAKO DEVIATION IN KNOTS FO.'< GRtAT CIRCLE AIR ROUTES 

HEIGHT E   Ü J    I 7   A   L E   iM    T H   E A   D W   I    N D   S* STANDARD DEVI A TION 
IN 0    I R   E   C T R   E T   U ■(   N 

FLET JAN APR JUL ocr  • • AJO' A75 A8b JAN APR JUL OCT A50 A7b A85 JAN APR JUL ÜCT 

CHARLESTON, S.C. TO   NORFOLK 305   N .MI. 
Si,000 51 20 -5 IS lb 1 -b -35 -23 2 -17 -17 -33 -1*1 17 18 1 1 17 
U0,000 1*1 52 b 55 27 7 -3 -51 -39 -7 -36 -33 -55 -66 27 29 21 27 
iO.OOO 5^ 27 7 28 25 6 -3 -1*5 -32 -8 -31 -28 -1*8 -59 21* 27 17 27 
20,000 50 19 8 1 ! 17 5 -1 -33 -22 -8 -IV -19 -33 -1*2 20 20 1 ! 1 9 

CHARLESTON,W • VA. TO   HUNTSVlLLc 326   N .MI. 
Si,000 -Ut -27 -1 -2 1 -22 -38 -1*6 38 25 0 19 20 5 -1 18 1 7 1 1 16 
1*0,000 -61* -l*U -11* -1*2 -1*0 -63 -75 57 38 1 1 39 5 b 11* i* 28 28 22 27 
iO.OOO -S7 -58 -1 1 -35 -51* -56 -68 51 33 10 32 30 1 1 2 26 28 17 28 
?O,OO0 -iv -25 -10 -2 1 -22 -58 -1*7 37 22 9 19 20 ! 0 21 21 12 20 

CHARLESTON, W.VA. TO   NEW   YORf 386   N .MI. 
■ji.OOO i*H 29 8 28 27 1 .5 6 -1*9 -30 -8 -29 -28 -1*1* -52 18 17 12 16 
1*0,000 n 1*8 29 SO 1*9 2 8 Id -75 -51 -32 -53 -5 1 -73 -85 28 28 23 2 8 
50,000 67 1*1* 26 1*1* 1*1* 21* lb -71 -1*7 -28 -1*6 -1*6 -68 -8 1 28 29 19 29 
20,000 1*7 /M 19 29 29 IS 9 -1*9 -31 -19 -30 -30 -1*7 -57 22 2 2 13 22 

CHARLESTON, W.VA. TO   WASHINGTON, Ü.C. 216   N. MI . 
Vi.UOO SI 5i 8 28 29 13 6 -51 -ii -8 -29 -29 -U6 -bit 18 18 12 16 
1*0,000 n S2 29 SI Si 29 19 -79 -51* -31 -53 -53 -76 -89 29 29 21* 29 
iO.OOO 11 m 2S i*i* 1*5 21* 15 -73 -1*9 -26 -1*6 -1*7 -70 -8 5 27 50 19 30 
20,000 uv 52 18 28 50 IS 9 -50 -35 -18 -30 -31 -1*8 -58 25 25 li 22 

CHARLOTTE    10 CHATTANOOGA 210   N. MI . 
Si,000 -SU -58 -5 -26 -30 -1*8 -56 bi 57 i 2S 29 10 3 18 18 1 ! 1 ! 
1*0,000 -80 -S9 -19 -52 -S2 -77 -90 78 56 1 (■ SO 50 25 M* 28 5 0 22 28 
50,000 -n -SO -|l* -1*2 -1*5 -68 -80 69 1+8 1 5 1*0 1*1 18 8 2b 2 8 17 29 
20,000 -1*6 -51* -1 1 -2i* -27 -i*5 -51* i*5 33 10 2 3 26 1 1 5 21 21 12 20 

CHARLOrrt    JO CHICAGO 521   N. MI. 
bi.OOO -5 1 -22 -9 -1 7 -19 -51 -57 27 20 9 IS 1 I 6 1 17 16 1 1 IS 
i| 0 , 0 0 0 -S2 -56 -25 -5 1 -35 -Si* -61* 1*2 50 25 25 29 12 3 27 26 22 ?l 
50,000 -H! -52 -IB -26 -50 -1*9 -59 59 27 1 1 21 2b 9 0 26 2 7 17 21 
20,000 -50 -22 -12 -18 -19 -55 -1*1 2b 20 1 1 16 1 7 S -1 21 2 1 12 20 

CHARLOTTE    10 CLEVELAND in* N. MI . 
bi.OOO -1* -6 -6 -2 -It -15 -20 -2 2 6- -1 2 -9 -15 18 1 1 12 16 
1*0,000 -16 -10 -12 -2 -10 -28 - 58 1 2 9 -6 2 -16 -26 28 28 22 2 8 
50,000 - IS -9 -6 -2 -8 -21* -51* 1 2 5 -5 1 -16 -25 26 28 18 2 8 
2 0,000 -6 -9 -i -1 -1* -17 -21* 0 S 2 -2 1 -1 1 -19 22 22 12 2 1 

CHARLOTTE    TO COLUMBUS, OH 1 0 502   N. Ml . 
Si,000 - IS -12 -a -8 -10 -2 1 -27 9 9 7 S 8 -3 -9 18 1 ! 12 16 
i* 0 , 0 0 0 -50 -2 1 -16 -12 -20 -58 -l*H 16 15 lU S 12 -6 - 16 2« 28 2 5 2 8 
iOtOOO -27 - 18 -10 - 1 1 - 16 - 51* -1*1* IS 1 1 8 u 10 -7 -16 26 2 9 18 2 9 
20,000 - IM - 11* -6 - 1 -9 -25 -50 8 1 1 s 1* 6 -6 -15 22 22 12 2 1 

CHARLOTTE    10 JACKSONVILLE 290   N. MI . 
S5,000 - 10 -l* 5 -K -i -lU -20 U 0 -s 2 0 -1 1 -16 16 1 J 1 1 1 I 
1*0,00 0 - 1 ! - 12 5 -1 5 -8 -27 -56 I* 2 -7 ! 1 -16 -2b 26 2 8 20 2 6 
50,000 - \k - 6 2 -10 -6 -22 -51 u - 1 -2 6 1 -1 5 -21 25 26 16 2S 
20,000 - 12 -b -2 - 7 -6 -1 7 -21* 1 2 I s 5 -7 -15 19 19 10 lb 

CHARLOTTE    TO MIAMI 56?   N. Ml. 
S5,00ü 0 S 5 1 2 - 7 - 15 -6 -8 -5 -5 -S -li* -20 IS 16 10 16 
1*0,000 -i - 1 ! -2 1 -lb -23 -9 -8 -8 -3 -7 -22 -50 25 25 18 2X 
50,000 - 1 b i* -2 2 -1 1 -18 -7 -1 1 -I) -2 -6 -19 -26 19 22 n* 2 1 
20,000 -1 1 -2 -i -1 - 10 - 16 -2 -u 2 1 0 -10 -lb 1 <■ 16 V IS 

CHÄKLOtTt    10 NE w YÜXK 1*69    N. MI . 
S5,Ü00 5M 22 2 2 1 20 6 0 -1* 1 -25 -2 -2 5 -22 -5? -US 1 1 I 1 1 1 IS 
1*0,000 ■> 1 S7 \t. u 1 ib 16 6 -60 -U2 - 1H -US -i* 1 -61 -7 5 2 7 28 22 2 I 
50,000 MH 5i 16 iS 31 111 5 -SS -58 - 1 7 -38 -56 -So -68 26 2ri 18 2 1 
20,000 5/ 2 2 12 25 22 9 5 -HO -2U - 1 5 -21* -21* -59 -1*8 21 2 1 12 20 

C*!.•«Hl 0 1 IL    I o PHILAO« LP^ U 5H9   N. Ml  . 
S5,000 5^ 22 1 20 19 5 -1 -1*0 -21* -1 -2? -2 1 -it -1*U 1 I 1 ! 12 16 
hO.OOO l* V 5') 1 5 1*0 SK 1 M u -58 -u 1 - 16 -Uli -39 -60 -72 27 2 8 22 28 
^' ■ 10 ( 1*6 J? lu 5u 10 12 5 -SU -57 - IS 5 7 - 5i* -bb -66 26 28 Ifl 28 
20,000 5-> 21 1 I 22 21 H 1 - 59 -25 - 12 -25 -2? -3d -1*7 21 21 12 20 

•Ht AO«l"IOS--CO«PUttO FO« A  «SO-Kt AiKSPttD. 
i»A--UtHOttS a.-iNuAL EUUtVALENI HLSOWI^OS Ft'« 1NDICAIEÜ PtH 
-IV-S Slt.Ni lltHOU MCAOwlNOi. 
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tüÜlVALENT HtADwINDS AND STANDARD DtVIATIüN IN KNOTS FOR CHEAT CIRCLt AIR ROUTES 

8 

*i- 

HEIGHT ' E 3 U I 1/ A L E N T H ; A D W I N D S« STA« IDARD DE\7I UION IN D R E C T R E T U R N 
FEET JAN APR JUL OCT ••A50 A75 A85 JAN APR JUL OCT A50 A7b A85 JAN APR  JUL OCT 

CHAHLOT 
'»3,000 

TE TO RICHMOND 
Ml    27            0 2 1 22 6 - 1 -MM -29 -1 -22 -23 -UO -M8 17 

222 N.MI. 
18   12   17 »«o.ooo 5H M2 !3 1*3 5H 16 6 -65 -M7 -15 -M7 -M3 -66 -78 28 29   22 28 

30,000 5 5 5 7 13 36 3 3 !M M -59 -Ml -IM -39 -37 -59 -7 1 25 29   18 28 
20,000 39 25 1 1 22 22 9 2 -M2 -27 -1 1 -2U -21* -MO -50 22 22   12 21 

CHARLOTTE TO WASHINGTON, D, 
53,000   ik          21    0   18 

C. 
17 i -3 -38 -2 5 0 -20 -20 -35 -M3 1 7 

287 N 
18   12 

.MI. 
16 40,000 M6 5 3 10 37 3 1 1 1 0 -56 -39 -13 -M2 -37 -58 -70 28 29   22 28 

30,000 U2 2V 11 32 27 9 0 -51 -35 -13 -36 -32 -53 -6M 25 29   18 28 
20,000 33 19 10 20 19 6 -I -37 -22 -10 -22 -2 1 -36 -46 22 22   12 21 

CHATTANOOGA 
5.3,000   14 

TO CINCINNATI 
2-5    3 0 -10 -16 -10 -5 M -5 -3 -15 -22 18 

2U2 N 
17   12 

.MI. 
16 ■»u, uuo 5 1 -6 6 1 -17 -26 -20 -10 3 -13 -10 -29 -39 28 29   23 28 

30,000 5 1 -2 5 2 -15 -2M -17 -9 1 -II- -8 -26 -36 27 29   18 29 20,000 7 0 0 3 2 -10 -17 -13 -M -1 -5 -5 -18 -26 22 22   12 21 

CHATTANOOGA 
b3,000  -53 

TO MEMPHIS 
-58   -3 -26 -30 -M8 -56 52 37 3 25 29 1 1 3 18 

2 35 N 
18   11 

.MI. 
16 Uü.üüü -80 -58 -19 -51 -51 -76 -89 78 56 17 U9 M9 25 IM 28 29   22 27 

30,000 -70 -M9 -13 -Ml -Ml -67 -79 68 M7 12 39 MO 1 7 7 28 28   1 7 3 0 
20,000 -M5 -5M -10 -2M -26 -MM -55 MM 5 3 9 23 25 10 M 22 21   11 20 

CHATTANOOGA TO HASHING TON, D.C. M53 N .MI . 
55,000 M5 2 9 2 2M 2M 9 2 -M7 -31 -3 -25 -26 -M2 -50 1? 17   11 1 5 
U0,000 66 M6 1? M6 M5 2 2 12 -71 -50 -19 -M9 -M7 -69 -81 27 28   21 2 7 
30,000 ÖÜ MO 15 3 9 57 1 / 9 -65 -MM -17 -Ml -MO -63 -7M 25 27   17 27 
20,000 u ', 27 12 2M 2M I 1 5 -M5 -2 7 -13 -25 -26 -M2 -51 2! 21   12 20 

CHICAGO TO CINCINNATI 230 N 
17   12 

.MI. 
16 

53,000 26 19 10 16 1 T ft 1 -30 -2 1 - 1 1 -18 -19 -31 -38 19 
MO,000 M 3 2 9 2! 27 31 12 2 -52 -3M -30 -33 -37 -56 -67 29 2 7   2M 50 50,000 MO 27 20 2M 27 9 - 1 -M8 -32 -22 -29 -32 -52 -6 3 30 30   2 0 3 0 
20,000 2« 20 13 19 19 6 -1 -32 -22 -IM -21 -2 1 -36 -M5 23 23   IU 22 

CHICAGO TO CLEVELAND 2 73 N. 
16   12 

MI. 
15 

53,000 MM 29 1 5 2 7 27 15 9 -M5 -30 -13- -28 -28 -M 1 -M9 IB 
HO,000 lu M6 38 Ml' 5 0 50 20 -72 -M8 -MO -M9 -52 -72 -83 29 27   2M 29 
30,000 hl> M5 52 M2 MM 2 5 15 -68 -M5 -33 -Ub -M6 -6 7 -79 30 30   20 30 70,000 MS 29 22 2 7 50 16 9 -M6 -30 -22 -30 -31 -M7 -56 25 23   IM 22 

CHICAGO TO COLUMBUS, OHIO 256 N. 
17   12 

MI. 
16 

5 3,000 J9 26 1? 2M 2M 12 6 -M 1 -28 -13 -25 -25 -38 -M6 IB 
140,000 6 <, M2 5S M 1 MM 2 5 15 -67 -M5 -37 -MM -M8 -68 -79 2 9 27   2M 29 
40,000 b9 S9 28 5h 5 V 20 10 -63 -M2 -29 -MO -M2 -63 -75 30 30   20 50 20,000 M 1 27 19 2ft 27 1 5 6 -M3 -29 -20 -27 -28 -MM -53 2 3 2 3   IM 22 

CHICAGO TO DALLAS 693 N. 
15   1 1 

MI. 
1 M 

5 5,000 -3 1 -2 5 -2 -16 -1 7 -30 -57 2 7 21 2 lb 15 M -2 16 
MO,000 -55 -5? - IM -5 1 -33 -5 5 -63 M6 31 1 1 26 27 10 1 26 2M   20 2 5 
50,000 -M 1 - 51 -to -25 -26 -M6 -58 MO 27 8 20 22 5 -3 27 25   16 2ft 
20,000 -29 - 19 -9 -IM -16 -29 -57 25 1 7 9 12 IM 5 -2 20 17   11 18 

CHICAGO 
55,000 

10 DAYTON 
5M   2k 12 2 1 22 10 M -57 -25 -12 -22 -2 5 -36 -M3 19 

209 N. 
17   12 

MI. 
1 6 i»0,000 55 37 33 5ft MO 21 1 1 -62 -Ml -35 -MO -Uli -6M -75 2 9 2 7   2M 5 0 50,000 52 55 25 32 35 1ft 6 -58 -38 -27 -36 -58 -59 -7 1 50 30   20 30 2 0,000 56 2M 1 7 2M 2M TO 5 -39 -26 - 18 -25 -26 -M 1 -50 25 2 3   IM 23 

CHICAGO 
5 3,000 

TO 01 N\/[ R 
-5v  -78 - 1 5 -25 -25 -37 -M3 58 27 12 2M 2M IM 9 16 

781 N. 
IM   10 

Ml. 
I 5 

MO,000 -t>l -Uli -UO -MM -MR -65 - fb 65 M? 58 U 1 Uft 2 9 21 25 23   20 21) 
50,000 -sr - 59 -51 - 5H -UO -iH -6 7 5M u 30 36 5 8 22 IM 27 25   17 2 5 
20,000 - M -26 -20 -2ft -26 - 59 -M6 5S 25 20 2M 2•^ )M 8 20 19   1 I 18 

CHICAGO TO 01 S MO! NtS 259 N- Ml . 
'i 5 , 0 U u -Mi -29 -1 5 -26 -26 -MO -HI M 1 28 12 26 26 lu « 18 16   12 1 5 ii c, o o a -ÖV -U6 - 59 -MC -50 -69 -81 67 U5 3H Mb \tB 2" 19 28 26   2M 50 50,000 -6i -M2 -51 -M? -Hi -ftU -76 61 MO 30 l»0 u I 2 2 17 51 29   20 50 20,000 -M2 -i»« -2^ -28 -29 -M 5 -52 1 UO 26 21 27 27 lu 7 25 22   IM 27 

• Ht AU-INUS--COMPUUC.   FO«    A      USO-KT   AUSPfctD. 
• •A—DtNOItS    ANMJAi    lviilVAli.NI    HIAilwlMUS   ^ OH    INLUC&Itii 

HINliS    Slt-NS   DiNOIf    HtADwtNUV. 
PER    CENT    RH  lAnlLI T It S. 
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ttiUlVALLNf   HtAÜHINOb   AND   SFA.NUAKD   DbVlATION    IN   KNOTS   HOK   GKhAT   CIRCLt   AIK   ROUTES 

HtIGHt 

IN 
FfcET 

E   0   U    1    V   A   L   t HEADWINDS» 

JAN      APR 
DIRECT 

JUL      OCT    ••AbO A75  Aa5 

CHICAGO TO DETROIT 
53,000 ti       20 12   2/ 
40,000 69   U6 38   U7 
30,000 6b   Ul 32   k2 
20,000 kk        27 22        29 

CHICAGO TO EVANSVILLE 
bi.OOO    0    1 S    0 
40,000 -3    0 7-1 
30,000 -2    1 5-1 
20,000    0    2 1    i 

CHICAGO TO FORT LAUDERDALE 
Si,000 14   13 S    8 
40,000 18   17 12   12 
30,000 16   17 8   10 
20,000 II   11 3    6 

CHICAGO TO GREENSBORO 
53,000 31   23   10 
40,000 50   35   27 
30,000 47   52   20 
20,000 31   23   13 

CHICAGO TO HARRISBURG 
5 3,00 0 4 4   2 9   13 
40,000 71   47   38 
30,000 67   43   31 
20,000 46   30   21 

CHICAGO TO HARTFORD 
53,000 
40,000 
30,000 
20,000 

4 b 
r i 
67 
46 

2V 
4 7 
43 
.'9 

I 3 
30 
55 
25 

CHICAGO 10 HONOLULU 
55,000 -25  -22  -12 
40,000 -43  -54  -30 
30,000 -56  -29  -?? 
20,000 -22  -16  -11 

CHICAGO TO HOUSTON 
55,000 -2b  -IB    2 
40,000 -4b  -29   -5 
50,000 -59  -24   -3 
20,000 -24  -lb   -3 

CHICAGO IQ KANSAS CITY 
5 5,000 -59  -2 7   -9 
40,000 -6b  -45  -51 
30,000 -bH  -59  -24 
20,000 -57  -25  -18 

CHICAGO IQ IAS VEGAS 
55,000 
40,000 
50,000 
20,000 

-36 -28 -12 
-6 1 -42 -58 
-bl -58 -29 
- 55 -74 - 18 

5 5,000 -56 -28 
40,000 -59 -u? 
10,000 -bu -5H 
20,000 -5? -24 

CHICAGO 
55,000 
4 0,000 
50,000 
20,000 

TO   LOU I SV II Li 
lb 11 8 
2 5 17 18 
?1 16 15 
16 17 H 

18 
30 
26 
19 

21 
46 
42 
28 

28 
49 
4 4 
2V 

-10 
-52 
-26 
-lb 

-1 1 
-a 5 
- 1H 
-9 

-23 
-42 
■il 

-23 

-2 5 
-4 1 

-3b 
-2? 

CHICAGO   TO   LOS   ANGLLES 
-11 -22 
-36 -4 0 
-2 7 -5 5 
-ir -2 0 

1 5 
1 

27 14 
49 29 
43 24 
29 15 

27 
50 
lib 
51 

-24 
-45 
-5/ 
-23 

10 
Id 
15 
) 1 

9 1 
14 1 
12 0 

7 -2 

I 6 
3 2 
27 
18 

-34 
-60 
-52 
-54 

19 
14 

2 -9 -15 
1 -18 -28 
1 -17 -28 
2 - 11 - 19 

19 9 5 
35 17 8 
30 13 4 
20 8 2 

27 15 9 
50 3 1 2 1 
44 26 16 
50 17 10 

10 
2 5 
18 
1 1 

-19 -25 -29 
-54 -44 -4 9 

-27 -36 -42 
-lb -22 -26 

-12 -24 -31 
-2b -45 -54 
-19 -38 -49 
•11 -24 -51 

-25 -57 -44 
-UU -64 -75 
-37 -58 -70 
-2h -39 -47 

-40 
-60 
-61 
-40 

-2 5 -54 -59 
-44 -58 -66 
-56 -50 -58 
-22 -52 -38 

-5 
•10 
-12 

JAN      APR 

-44 
-71 
-67 
-45 

-5 
-1 1 
-10 
-6 

-20 
-30 
-26 
-15 

-35 
-59 
-54 
-35 

-4b 
-74 
-70 
-48 

-4b 
-73 
-70 
-4? 

2 5 
40 
53 
2 I 

20 
5 4 
50 
19 

57 
60 
5 5 
5b 

5b 
58 
48 
51 

56 
U 1 

JO 

-20 
- 5', 

-32 
-21 

-29 
-48 
-44 
-29 

-4 
-7 
-7 
-5 

-16 
-25 
-25 
-13 

-25 
-40 
-36 
-25 

-50 
-49 
-46 
-51 

-29 
-4 9 
-46 
-31 

21 
32 
26 
15 

15 
22 
19 
12 

26 
40 
55 
2 5 

27 
40 
56 
2 5 

? r 
uo 
5b 
75 

- Ill 
-25 
-22 
-IS 

RETURN 
JUL      OCT A50 A75      A85 

STANDARD   DEVIATION 

JAN      APR      JUL      OCT 

203 N.MI . 
-13 -28 -2 7 -4 1 -49 18 16 13   16 
-39 -49 -5 1 -7 1 -83 29 27 24   30 
-33 -45 -45 -67 -79 31 30 21   30 
-23 -30 -30 -46 -55 24 2 3 

237 N.MI. 
-5 -3 -4 -lb -20 19 17 12   16 

-1 1 -6 -9 -27 -37 29 27 24   29 
-7 -5 -8 -26 -36 30 29 20   30 
-3 -6 -5 -18 -26 23 23 13   22 

-5 
14 
-9 
-4 

-10 
-29 
-21 
-14 

-13 
-59 
-52 
-22 

- 13 
-40 
-34 

-23 

I 1 
29 
21 
10 

-2 
5 
2 
2 

9 
2 8 
22 
17 

1 1 
5 6 

28 
18 

10 
5 b 
26 
i r 

-9 
-22 
-16 
- J 

-9 
•18 
•14 

-8 

-20 
-35 
-31 
-21 

-28 
-49 
-44 
-50 

-29 
-51 
-46 
-5 1 

1 7 
30 
2 4 
14 

10 
18 
14 

7 

2 2 
5 8 
5 5 
? 1 

27 
5 V 
5 2 
70 

2 I 
5/ 
51 
) V 

- 1 1 

-21 
-1 v 
-14 

-12 
-2 1 
-17 
-9 

-21 
-40 
-54 
-22 

-28 
-52 
-46 
-51 

-28 
-52 
-4 7 
-52 

18 
52 
2b 
14 

10 
18 
14 

9 

2 2 
41 
54 
2 5 

23 
4 3 
5 b 
72 

7 5 
'i 1 
55 
7 1 

- 1 5 
-25 
-7 1 
- I« 

-22 
-36 
-3 1 
-19 

-33 
-59 
-54 
-3 7 

-4 1 

-72 
-67 
-46 

-4 1 
-7 1 
-67 
-46 

12 
2 4 
1 7 

9 

- 1 
1 

- 1 

-2 

10 
22 
16 
10 

1 5 

28 
2 1 

1 5 

7 1 
17 

-7'. 
-hM 
-40 
-28 

-27 
-44 
-38 
-25 

-41 
-70 
-65 
-4b 

-49 
-83 
-79 
-56 

-4 8 
-82 
-79 
-55 

9 
19 
1 5 

6 

-6 
-7 
-9 
-7 

4 
17 

6 
5 

9 
7 1 
14 

a 

9 
21 
14 

8 

-30 
-54 

-5 1 
- 5', 

•H140M110S—COMPUItO   FO«   4      HVO-M    AIHSPLLD. 

>»4--OtNait, S   ANNUAL   EVÜ|VAL£H1    MfcAOMItUS   FOR 
"IN    S    SI   ■■■>    .  IS.  U     Ht AH« 1 NOS. 

INOlCATEiJ   REK   CENT    H t L 1 Au I L I T 11 S . 

14 
22 
20 
16 

i r 
27 
26 
21 

17 
2 7 
28 
22 

16 
26 
2 8 
21 

9 
14 
14 
10 

16 
25 
2 b 
18 

18 

28 
5 1 
22 

14 
22 
24 
1 f 

1 5 
2 1 
75 

16 

17 
7 9 

30 
2 5 

1028   N.MI. 
14 9 13 
22 17        21 
21 14        21 
16 9 15 

16 
26 
27 
21 

16 
26 
78 
2 2 

lb 
2 b 
27 
2 1 

51 1   N, 
1 I 
22 
18 
12 

510   N, 
12 
25 
19 
1 5 

MI. 
15 
2 7 
28 
20 

MI . 

15 
27 
28 
21 

681    N.MI. 
1 1 14 
22 26 
19 27 
13        20 

3685   N.MI. 
8 6 8 

13 11 12 
13           9         12 

9 6 8 

14 
24 
24 
18 

16 
26 
2 9 
77 

821    N.MI. 

10 13 
19 73 
15        24 
10 17 

350   N. 
12 
25 
19 
I 5 

MI. 
15 
7 9 
7 9 
7 1 

1513   N.MI. 
12 9 11 
20 17 21 
22 14 2 1 
16 10 15 

1512   N. 
1 1 8 
19 16 
20 1 5 
15 9 

1 t 
?( 
29 

25 

249    N. 
12 
2 4 

19 
1 '. 

MI . 
I 1 
7 0 
19 
l li 

MI . 
16 
29 

40 
22 

PA,.» vs 
THE    bOElMs 
ISANSPCHI 

CQ*9AHt 
ff 1 V 1 S 1 ON 

NO.       !)6-VU6 



I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

EQUIVALENT HEADWINDS AMD STANDARD DEVIAHOM IN KNOTS FOR GRtAT CIRCLt AIR ROUTES 

HEIGHT 
IN 

EtET 

E U U I V ALENT H E A D W I N D S« 

JAN  APR 
D I 

JUL 
k E C T 
OCT ••A50 

CHICAGO TO ^EMPHIi 
Si,ODD -11* -9 2 -7 
1*0,000 -28 -16 -2 -15 
50,000 -25 -13 -2 -13 
20,000 -15 -a -3 -5 

CHICAGD ro ■1IAMI 
bi.OOO ii* 13 5 1 
40,000 1 ! 16 12 1 1 
30,000 16 16 8 9 
20,000 10 10 5 6 

CHICAGO 10 «UNNEAFOLIS 
55,000 -55 -22 -13 -23 
1*0,000 -51* -56 -1*0 -i* 1 

30,000 -5 1 -35 -33 -37 
20,000 -56 -23 -2 1 -26 

CHICAGO ro MONTREAL 
53,000 5V 25 12 26 
U0,000 6 5 1* 1 56 1*5 
30,000 60 56 52 I* 1 
20,000 MO 2U 22 28 

CHICAGO TO NASHVILLE 
53,000 5 M 6 5 
1*0,000 5 k 10 2 
30,000 5 it ! 2 
20,000 3 i* 5 5 

CHICAGO TU NLW URL LANS 
53,000 -13 -1 1» -5 
1*0,000 -21 -1 5 2 -1 1 
30,000 -23 -10 1 -9 
20,000 -14 -6 0 -1* 

CHICAGO TO NEW YORK 
53,000 1*5 29 1 5 28 
1*0,000 12 ur 5ri 1*8 

50,000 6H Li* 5 2 H 5 

?0,000 U6 30 22 29 

CHICAGO TU OMAHA 
5 3,000 -h  1 -?9 -1 5 -26 
1*0,000 -6V -1*6 -59 -1*6 
30,000 -61 -it 1 -3! -1*1 
20,000 -uo -2? -2 1 -21 

CHIC«G0 TO 'HILAnELPHI« 
55,000 Uli 29 12 2t 
1*0,000 11 HI S? U6 
50,000 6M hh 31 Ul 
?0,000 ^6 50 2  1 2H 

CHICAGO TO PHOENIX 
55,000 -57  -50   -V -2? 
UO.OOC -65  -1.5  -52 -UO 
30,000 -53  -UO  -?li -5 5 
20,000 -55  -25  -16 -20 

CHICAGO TO PITTSBURGH 
5 5,000 U3 
1*0,000 70 
50,000 66 
20,000 1.5 

29 
..6 
Ui 
29 

I 5 

21 

27 
1*6 
u I 
2H 

(.HIC4GÜ 10 PORtLANO, ORE. 
5 5,000 -5U -2\ 
hO.OOO -5 1 -5u 
50,000 -Mv -Ja 
20,000 -55 -22 

-15 -25 
-UO -ft 1 
-5U -5V 
-22 -21 

25 
U6 
Ul 
2H 

27 
50 
i*5 
50 

2 1 
50 
uu 
50 

A75 

1U 
20 
2 5 
15 

15 
52 
21 
1 1 

15 
1 1 
26 
1 1 

■25 -51 
-ul -S5 
-58 -52 
-It -56 

A85 

-6 -18 -21* 
-15 -31* -1*1* 
-12 -31 -Ul 
-7 -20 -28 

9 1 -U 
IU 0 -7 
12 0 -7 
7 -2 -1 

-22 -3U -UO 
-U2 -61 -71 
-38 -58 -68 
-26 -UO -U8 

8 
IV 
IU 
8 

-6 -12 
•13 -23 
13 -23 
-9 - 16 

-U -15 -21 
-11 -29 -38 
-9 -26 -56 
-5 -17 -2U 

10 
25 
18 
1 1 

-26 -59 -U6 
-1.9 -68 -79 
-U2 -62 -73 
-28 -U2 -50 

9 
22 

I ! 

10 

-2U -55 -Ul 
-UU -60 -69 
-55 -52 -62 
-22 -55 -UC 

27 IU 8 
U9 50 20 
U 3 2 U 15 
29 16 9 

-37 
-62 
-60 
-UT 

JAN  APR 
RETURN 

JUL      OCT A50 A75  A85 

8 
15 
IU 
10 

33 
U9 
U5 
53 

-UO 
-66 
-6U 
-U,2 

-9 
1 7 
15 
-9 

I 
13 
12 
9 

5 6 

59 
U9 
31 

'.5 
u ■> 

U6 
52 

-19 -16 
-29 -2U 
-25 -22 
-1 U - 1 3 

20 
53 
52 
22 

-25 
-U5 
-39 

■-26 

-7 
-12 
■1 1 
-8 

-5 
-13 
-9 
-U 

13 
37 
31 
20 

-6 
1 5 
-9 
-U 

-5 
-5 
-2 
-1 

29 
U 5 
M 
2 3 

7 
50 
2 5 
16 

-UU -30 -13 
-75 -US -39 
-68 -US -32 
-U7 -51 -22 

21 
53 
51 
21 

lu 

58 
S3 
22 

-9 
-17 
- IU 
-1 

22 
38 
3U 
2U 

-13 -27 
-38 -U8 
-3U -UU 
-23 -29 

-5 
■10 
-8 
-1 

-U6 -30 -13 -28 
-7U -U9 -39 -50 
-70 -U6 -33 -U5 
-UH -32 -23 -30 

UO 28 12 25 
66 UU 5^ U3 
5V 59 29 38 
39 26 20 26 

-U5 -30 -13 -28 
-7U -U9 -39 -U9 
-70 -U6 -52 -UU 
-U8 -32 -22 -30 

21 
57 
50 
18 

•27 
-UM 
-UU 
-29 

2H 
5y 
56 
26 

U -6 -12 
7 -II -20 
6 -11 -20 
U -8 -IU 

-12 -21 
-20 -35 
-17 -50 
-9 -19 

21 
59 
35 
2U 

-7 
13 
1 I 
-6 

2 5 
U7 
UO 
26 

-28 
-52 
-U6 
-51 

23 
U 1 
55 
21 

22 
uo 
56 
25 

1 1 
21 
17 
1 1 

-17 
-31 
-28 
-19 

-U 1 
-72 
-67 
-U6 

12 
2 6 
IV 
1 1 

IU 
21 
2 5 
16 

-27 
-Ui 
-38 
-25 

5 
1 1 
7 
U 

-25 -37 -UU 
-U8 -66 -77 
-UU -63 -7U 
-29 -U3 -51 

-23 
-UO 
-38 
-27 

2 -8 -12 
U -12 -20 
3 -11 -19 
2 -8 -IU 

-28 -U2 -U9 
-52 -72 -82 
-U7 -67 -79 
-31 -U6 -55 

IU 8 
28 19 
22 12 
IU 7 

-1*9 
-82 
-79 
-55 

1 
19 
1? 

1 

-21 -Ul -U8 
-51 -7 1 -8 3 
-U5 -bl -19 
-30 -U6 -55 

1 1 
2 0 
16 
1 1 

• HE&D»1V0S--C0«PUUD FOR A  U50-M AIKSPCFC. 
• •»—OfeHOttS AWtUAl IwUlVALlNt HkAUWtNUS FOB 

«INuN ',1..V> DtiHOfE MtAOMlHOS. 
fUDiCATED Pfc« CtNt RtLIABIL!TItS. 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

18 
28 
29 
22 

IU 
22 
20 
16 

18 
27 
31 
2 3 

16 
26 
29 
21 

10 
28 
29 
22 

16 
25 
25 
19 

1 7 
26 
27 
21 

18 
28 
50 
22 

I 1 
21 
21 
21 

IU 
?5 
2U 

I 7 

18 
28 
29 
2 5 

12 
IV 
2? 
15 

U2 6 N.MI. 
16 11 15 
26 22 27 
28   18   29 
21 12   20 

I0U1 N.MI. 
IU    9   13 
22 17 21 
21 13 21 
16    9   15 

16 
25 
29 
22 

IU 
2U 
28 
21 

16 
27 
28 
22 

15 
25 
25 
18 

15 
25 
27 
21 

16 
2 5 
28 
21 

290 N. 
12 
2U 
21 
IU 

MI. 
15 
29 
30 
22 

6U7 N.MI. 
12   IU 
22 26 
20 27 
15   21 

356 N.MI. 
12 15 
23 28 
18   29 
13 2 1 

728 N. 
10 
20 
16 
10 

MI. 
IU 
2 3 
25 
18 

6U 1 N.MI. 
11 IU 
22 26 
19   2f 
12 20 

U05 N. 
12 
2 3 
19 
13 

Ml . 
15 
28 
2 9 
2 1 

15 
26 
28 
2 1 

i7 N.MI, 
1 1 IU 
22 27 
19 21 
12   21 

12U9 N. 
12    9 
20   1 7 
22   IU 
16    9 

Ml. 
12 
2 1 
2 1 

15 

358 N.MI. 
16 12 15 
27 25 2« 
29 20 29 
22   15   22 

1507 N. 
io   a 
17 17 
20 15 
15   10 

MI . 
10 
20 
2 1 
15 

IRAI 
BÜtIN& COMPANY 
SPO«T OlVIMr.N 

NO.  06-9 176 
PAGE       9 7 
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tUUlVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOK GREAT CIRCLE AIR ROUTES 

HEIGHT t   0 U    I    V A   L £   N   T H   E A   D »V    1    N D   S» STANDARD DEVIA TION 
IN D REG T . R   E T   U   R N 

FEET JAN      APR JUL OCT    • • A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

CHICAGO   TO   PROVIDENCE 755   N • Ml . 
55,000 U5         2V 15 28 27 16 10 -U6 -29 -13 -29 -28 -Ul -U8 16 IU 1 1 IU 
UO.OOO 7 1         U7 38 U9 50 32 23 -73 -U9 -UO -51 -52 -7 1 -81 26 25 22 25 
.iO.OOO 67        U5 55 UU U5 27 19 -70 -U6 -3U -U6 -U7 -67 -78 27 27 19 26 
20,000 U6          50 25 2 9 51 18 12 -U7 -31 -23 -31 -32 -U6 -5U 21 20 12 20 

CHICAGC TO   ROCHESTER, MINN. 253   N .MI. 
5.5,000 -38     -2k -1U -2U -2U -36 -U3 36 23 13 2U 23 12 6 18 16 12 15 
UO.OOO -5V      -59 -Ul -UU -U5 -6U -7k 55 37 59 Ul U2 2U IU 28 26 2U 30 
50,000 -55     -38 -33 -39 -UO -60 -72 51 35 32 36 38 19 9 31 29 21 30 
20,000 -3b     -25 -21 -27 -27 -U2 -U9 36 2U 2 1 26 26 12 5 25 22 IU 22 

CHICAGC TO   ROCHESTER, N.Y. kS7   N .MI. 
55,000 U3         27 12 28 27 15 9 -UU -28 -13 -28 -27 -UO -U8 17 15 12 15 
140,000 6b        U5 57 H7 U9 50 2 1 -71 -U7 -39 -50 -51 -70 -81 27 26 25 27 
50,000 65        UO 32 U5 UU 25 16 -68 -U3 -3U -U5 -U6 -66 -78 29 29 20 28 
20,000 UU        27 22 29 29 16 9 -U5 -28 -23 -30 -30 -U5 -5U 2 2 22 13 22 

CHICAGC TO   ST.    LOUIS 22U   N, M i .'  
55,000 -25      -17 -2 -1U -1U -26 -33 20 15 2 15 1 1 0 -5 19 1 7 12 15 
UO.OOO -U2      -28 - 1U -27 -27 -U7 -58 31 22 10 21 20 2 -8 29 27 2U 50 
-50,000 -59      -2U -1 1 -2U -25 -U3 -55 29 19 9 18 18 -1 -10 31 30 20 30 
20,000 -2U      -15 -10 -12 -15 -29 -57 20 12 9 9 12 -1 -8 23 23 13 22 

CHICAGC TO   SALT   LAKE   CITY 1082   N. Ml. 
55,000 -57      -26 -1U -25 -2U -35 -Ul 56 26 1 5 2U 2U 1U 10 IU 12 9 12 
UO.OOO -60      -UO -U2 -U5 -U6 -62 -70 58 39 Ul U 1 UU 2 9 22 25 20 19 2 3 
50,000 - 5 5      - 5 7 -ik -58 -59 -55 -6U 50 35 52 56 67 2 5 15 2 5 2 5 16 23 
20,000 -55      -2k -2 1 -25 -26 -57 -U5 53 25 20 2U 25 1U 9 18 17 1 1 16 

CHICAGC TO   SANJ   FRANCISCO 1600   N. MI. 
55,000 -55      -26 -1U -25 -25 -5 5 -58 5U 25 13 22 25 iU 10 13 1 I 8 10 
UO.OOO -56      -59 -UO -Ul -U5 -57 -6U 53 3 7 39 39 Ul 29 22 20 18 16 20 
50,000 -U9      -56 -31 -55 -57 -50 -58 U6 5U 30 32 55 22 15 22 20 IU 20 
20,000 -52      -25 -19 -22 -2 5 -35 - 59 30 22 19 21 22 1 5 9 16 15 9 IU 

CHICAGC 10    51 A TIL t IU91    N. Ml. 
55,000 -5 5      -2 1 -1U -25 -22 -51 -56 52 2 0 1U 2U 22 IU 10 12 10 8 10 
UO.OOO -UV      -55 -38 -Ul -UO -53 -60 U7 5 1 i7 58 58 2 5 19 19 1 7 17 20 
JO.000 -UÖ      -52 -5U -59 -38 -52 -60 U5 50 52 37 5 6 22 15 22 20 16 21 
20,000 -5 5      -2 2 -22 -27 -26 -55 -U! 32 21 21 26 2 5 15 10 15 15 10 15 

CHICAGC TO   SPOKANE 150 1    N. MI. 
55,000 -5U      -21 - 1U -25 -25 -52 -57 53 20 !U 2U 22 IU 10 1 5 1 1 9 10 
UO.OOO -50      -55 -UO -Ul -U 1 -55 -62 UH 5 1 38 59 59 25 19 2 0 18 18 21 
50,000 -U9      -52 -5U -59 -58 -55 -61 U6 50 5 5 5^ 56 22 15 25 2 1 16 22 
20,000 -54      -22 -22 -28 -26 -56 -U2 33 21 21 27 25 15 10 16 15 1 1 15 

CHICAGC r 0    I A M P A 88 1    N. MI. 
5 5,000 1 0         1 0 5 6 8 -1 -6 -16 -1 5 -5 -8 -10 -20 -25 IS IU 10 IU 
UO.OOO 12        12 1 1 •> 1 1 -U -12 -25 -21 - 13 -15 -18 -55 -U! 2 5 25 18 2 5 
50,000 11          15 7 ! 9 -U -1 1 -21 -19 -9 -12 -tu -29 -57 2? 25 IU 25 
20,000 r         H U ', 6 -u -9 -12 - 1 1 -M -7 -8 -18 -2U 1 7 1 7 10 16 

CHICAGC TO    lORONTC 67S   N. Ml. 
5 5,000 U 1          26 12 zr 2 5 i 5 8 -U2 -27 -12 -27 -26 -39 -U6 1 7 16 12 15 
UO.OOO 6 S         u 5 56 US ur 28 18 -68 -U5 -58 -U8 -U9 -68 -79 ?n 2 6 25 2 8 
50,000 62         58 A 1 U 1 U2 2 5 1 5 -65 -Ul -32 -UU -UU -65 -76 50 29 2 1 29 
20,000 U2        25 22 28 28 1U 7 -U5 -27 -22 -29 -29 -UU -55 2 5 2? IU 22 

CHICAGC TO   1UCS0N 12U7   N. Ml . 
5 5,000 - W       -50 -8 -2 1 -25 -55 -Ul 55 29 e 20 22 1 1 6 IU 1? 9 12 
UO.OOO - 6 5      - U 6 -28 -59 -U5 -59 -69 59 U5 27 56 UO 25 17 25 2 0 I 7 2 1 
50,000 - 5 5       - U 0 -21 -52 - 5U -51 -61 U9 iJ 20 29 5 2 18 1 1 2U 21 IU 20 
2 0,000 -5^      -25 - 1U -19 -21 -55 -59 51 25 in 1 1 20 10 6 17 16 9 15 

CHICAGO   TO    TULSA 508   N .Ml . 
55.000 -5U      -25 -6 -19 -20 -55 -UO ?1 25 5 18 18 7 1 1 7 16 1 1 IU 
U,1,000 -W      -S9 -2 1 -56 -58 -58 -69 5 2 55 19 51 J3 15 5 27 25 22 27 
50,000 -•>2      - !.'. -16 -JO -51 -52 -65 U6 5T i.. 26 2 r 10 1 29 2 r 18 28 
20.000 -55      -22 - 1 5 -18 -20 - 5u -«2 29 20 12 16 18 6 0 1    21 20 12 20 

.Ht*OMlNl)S--COMPuILO FOR A  U50-Kr MKSPfcfcD. 
»4--06W0HS ANNUAl EUUIVALtNl MtiÜWINUS FOR IHDIC 
HIKUS SU.NS DENOTE HtAOMtNOS. 

»Ul 9M 

»TED   PER   CCNI    KtlIAo!LIUES. 

THE    BOEING   COMPANY 
T«4f.SP0«T   DIVISION 

D6-9 17 6 

• 



tOUIVALtNT HtADWINDS AND STANDAKO DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

I 
I 
I 
I 
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I 

I 
\ 

I 

HEIGHT E Q U I / A L E N T H E A D W I N D S » STANDARD DEVIA T10N 
IN D R E C I R E T U R N 

FEET JAN APR JUL OCT • • A50 A75 A85 JAN , APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

CHICAGO TO WA SHINGTON, D.C. 530 N .MI. 
S3,000 42 2V 12 25 26 14 8 -44 -30 -12 -26 -27 -40 -48 17 16 12 15 
"40,000 6 9 4 6 36 43 47 29 19 -73 -48 -37 -46 -50 -70 -81 27 26 22 27 
30,000 65 42 28 38 42 23 14 -68 -45 -29 -42 -44 -65 -77 27 2« 18 28 
20,000 1*14 JO 20 26 28 15 9 -46 -31 -20 -28 -30 -45 -54 22 21 12 21 

CHICAGC TÜ WATERLOO 203 N .MI. 
bä.OOO -42 -28 -14 -27 -26 -39 -4f 41 27 14 26 26 14 8 19 16 12 15 
140,000 -67 -45 -41 -4 7 -50 -70 -80 65 44 40 45 48 29 19 29 26 24 30 
iO.OOO -63 -42 -34 -42 -44 -65 -76 60 40 33 40 42 23 13 32 30 21 30 
?0,00ü -42 -28 -22 -29 -29 -44 -53 41 26 22 28 28 15 7 23 23 14 22 

CHICAGC TO \nt ST PALM BEACH 995 N .MI. 
b.i,OOQ 15 14 5 8 10 1 -3 -21 -17 -5" -10 -12 -22 -28 14 14 9 14 
140,000 2C 18 13 12 15 1 -6 -32 -25 -14 -18 -22 -3 7 -45 22 22 17 22 
30,000 In 1 7 8 10 1 5 0 -6 -2 7 -23 -9 -15 -18 -32 -40 20 21 14 21 
20,000 1 1 1 1 4 6 7 -2 -7 -16 -14 -4 -8 . "J.0 -20 -26 16 16 9 15 

CINCINNATI TO DALLAS 698 N Mt . 
b3,000 -I4I4 -32 -3 -22 -25 -40 -47 41 30 2 21 23 9 2 16 15 10 14 
140,000 ~r i -50 -16 -43 -44 -66 -78 67 46 15 4U 41 20 10 26 25 20 24 
50,000 -62 -42 -12 -54 -36 -59 -70 58 39 10 31 33 1 3 5 26 25 16 26 
20,000 -I4O -2H -10 -20 -22 -38 -46 38 26 10 19 21 9 3 19 18 10 10 

CINCINNATI TO DtTKOIT 200 N. MI. 
5 3,000 15 B -1 10 7 -4 -10 -20 -1 1 0 -12 -10 -22 -29 19 17 13 16 
■40,000 1 6 1 ) 2 15 1 1 -8 -18 -29 -18 -7 -22 -19 -39 -49 30 28 24 29 
30,000 15 9 5 1 4 10 -8 -18 -2 7 -16 -8 -20 -17 -36 -47 30 50 20 30 
20,000 1 1 4 S 8 7 -7 -14 -17 -0 -6 -1 1 -10 -24 -32 23 23 14 23 

CINCINNAII TO FORT LAUUfcRDALE 81 1 N. MI. 
bi.OOO 10 1 1 u 5 7 -2 -6 -16 -14 -4 -7 -10 -20 -25 15 15 9 15 
140,000 i 1 1/ 9 7 10 -5 -12 -24 -20 -1 1 -12 -16 -32 -40 25 24 17 22 
30,000 10 1 5 6 6 rt -4 -1 1 -20 -19 -7 -10 -13 -2 7 -34 20 22 14 21 
20,000 6 8 i 2 4 -5 -10 -10 -1 1 -2 -4 -6 -16 -22 17 16 9 15 

C1NCINMATI TO LOS ANGELES 1646 N. MI . 
"33,000 -40 -51 -9 -23 -25 -37 -43 39 31 B 23 25 14 9 13 1 1 8 1 1 
140,000 -65 -48 -32 -4 5 -46 -61 -70 63 4 6 51 40 44 30 23 20 19 15 19 
30,000 -55 -42 -24 -35 -57 -5 3 -62 53 40 2 3 33 55 22 16 22 2 0 1 5 19 
20,000 -35 -2 7 -15 -2 1 -23 -54 -41 54 26 15 20 22 1 3 9 15 14 8 13 

CINCINNATI ID MI AMI 825 N. MI. 
S3,000 V : 1 4 5 7 -2 -7 -15 -14 -4 -7 -9 -19 -25 14 IS 9 15 
U0,000 10 1 1 9 6 9 -5 -I 5 -23 -20 - 1 1 -12 -16 -3 1 -59 22 25 17 22 
10,000 10 13 6 5 8 -4 -1 1 -19 -19 -6 -9 -13 -26 -34 20 21 14 2 I 
20,000 5 7 1 2 k -5 -10 -10 -10 -2 -4 -5 -16 -2 1 1 7 16 9 15 

CINCINNATI TO NEW YORK 510 N. Ml . 
53,000 4V 51 10 2 9 29 15 8 -50 -32 -10 -30 -29 -44 -52 1 7 16 12 15 
140,000 rs 50 35 5 1 51 31 21 -78 -52 -35 -53 -53 -74 -86 28 2? 2 5 2C 
50,000 r i 1*6 29 4S 4 5 26 17 -73 -48 -30 -47 -47 -69 -82 27 28 18 2 8 
2 0,000 UV 51 20 30 30 1 7 1 1 -51 -32 -21 -31 -32 -48 -58 2 2 22 12 2 1 

CINC1NNAT! TO PIT TSHUKGH 222 N. MI. 
53,000 */ 2V 8 28 27 12 6 I -48 -30 -9 -28 -28 -4 3 -52 19 1 7 13 16 
UO.OOO TO 4 A 29 44 hi 26 16 ' -rK -49 -31 -50 -50 -72 -84 2 9 28 24 29 
30,000 6S 42 25 45 42 22 12 i -69 -45 -26 -45 -44 -6 7 -80 28 50 19 50 
20,000 U ', 2f 18 2a 28 IM 7 -47 -29 - 19 -29 -29 -46 -56 ?; 2 5 1 5 2 3 

CINCINNATI TO sr. LOUIS 267 N. MI . 
SI,000 -4 V -54 -9 -28 -2 9 -44 -52 ' 4H 5 5 9 27 2 a 14 7 19 1 7 12 16 
U0,000 -n -55 -31 -50 -52 -Ht -86 75 51 30 it 8 50 29 19 29 28 25 29 
30,000 -10 -U7 -24 -414 -44 -6 7 -80 68 4S 2 5 41 4? 2^ 13 50 2 9 19 30 
20,000 -ur -51 -18 -2B -29 -46 -55 4 6 5 0 18 27 2H 14 H 2$ 22 1 5 2? 

CINCINNATI 10 SI . PETtKSBUKG 675 H. MI . 
S5,000 2 5 u 2 N -6 - 1 1 -9 -9 -5 -4 -6 -16 -2 1 15 15 10 15 
UO.OOO 0 k 8 0 5 -12 -21 - 14 - 1 5 -10 -7 - 1 1 -26 -54 24 2 5 19 25 
50.000 1 b k 0 3 - 1 ! - 19 -1 1 - 12 -5 -i -8 -22 -50 22 25 15 2i 
20,000 - j u 2 0 1 -9 -15 -4 -1 -i -2 -3 -14 -19 18 IS 10 16 

•MfAO^INOS— COMPUltO FUR A 4SO- XT AlHSPEbl ,. 
• •*—OtMOl I S ÄNNUAl  t4.üIVÄllNT HtiOwlNDS F Of 1 1 MO tCMEO PE« CEN1 «fcl IA«Il IT IES. 

IMl »01  I NO COMPANY 
TRANSPOR1 DIVISION 

NC. 
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LÜU1VALENT HtADWINüS AND STANDARD DtVIATIO.N IN KNOTS FOR GRtAT CiRCLt' AIR ROUTES 

HtIGHT E 0 U I V A L E N T H E A D W I N D S« STANDARD DtVIA T ION 
IN D I R E C T R E T U R N 

FEET JAN APR JUL OCT • •A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

CINC INC JATI TO rA,* PA 673 N • MI . 

53,000 i 6 1* 5 i* -5 -10 -10 -9 -b -i* -7 -16 -22 15 16 10 15 
uo.ooo 1 5 8 1 u -1 1 -20 -15 -|1* -10 -7 -1 1 -2 7 -35 2U 25 19 2 5 

30,000 2 6 5 1 3 -10 -18 -12 -13 -6 -6 -9 -23 -31 22 23 i \) *: .i 
20,000 0 H 2 0 1 -9 -11* -5 -7 -2 -2 -1* -14 -20 18 18 10 17 

CINCINNATI TO WASHINGTON, D .C. 556 N .MI. 
53,000 1*9 55 9 28 29 |1* 8 -50 -33 -10 -29 -29 -1*5 -53 18 1 7 12 16 
UO.OOO U 52 52 1*9 51 51 21 -79 -54 -33 -52 -53 -75 -a7 28 28 2 3 28 
50,000 11 i»7 26 1*5 U5 25 16 -71* -1*9 -27 -1*6 -1*7 -69 -82 27 29 18 29 
20,000 1*9 52 19 2H 50 16 9 -50 -35 -19 -29 -3 1 -1*8 -58 22 22 13 21 

CLEVELAND TO HARTFORD U13 N Ml. 
53,000 1*6 29 12 29 28 15 9 -1*7 -30 -13 -50 -29 -1*3 -51 18 16 12 15 
1*0,000 1 i 1*8 37 50 51 52 22 -75 -50 -39 -53 -53 -71* -85 28 27 2U 28 
30,000 TO 1*5 55 1*5 1*6 27 17 -72 -1*7 -3i* -1*7 -1*8 -70 -82 30 30 20 29 
20,000 i*8 51 2 5 50 51 17 1 1 -1*9 -32 -23 -32 -32 -1*8 -58 23 22 15 22 

CLEVELAND TU INDIANAPOLIS 226 N. MI. 
53,000 -1*5 -28 -9 -27 -26 -1*1 -1*9 1*3 27 8 26 25 12 5 19 1 7 13 16 
1*0,000 -ro -1*6 -51 -1*8 -1*8 -69 -81 65 U5 29 1*5 1*5 2i* IU 29 2 8 2U 29 
50,000 -65 -1*2 -26 -1*3 -1*2 -65 -77 61 39 25 1*0 39 20 10 30 30 20 30 
20,000 -HI* -27 -19 -28 -28 -1*1* -53 1*2 25 18 26 26 12 5 2 3 25 IU 23 

CLEVELAND TO KNOXVILLE 351 N. MI. 
55,000 -21 -1 1 2 -12 -10 -22 -29 16 8 -2 9 7 -I* -10 18 1 7 12 16 
U0,00ü -51 -19 -1* -24 -19 -38 -1*9 16 1 1 1 17 1 1 -7 -17 28 28 25 28 
30,000 -28 -17 -6 -2 1 -17 -36 -1*6 15 10 U 15 10 -6 -15 27 29 18 29 
20.000 -IV -Ö -5 -12 -10 -21* -32 13 5 l* 9 7 -5 -12 22 22 12 21 

CLEVELAND 10 LÜS ANGELES 1779 N. Ml. 
55,000 -38 -29 - 1 I -25 -25 -35 -1*1 37 29 10 25 21* IU 10 12 1 1 8 10 
»*0,000 -65 -U5 -56 -1*2 -us -60 -67 60 U3 5U 59 1*5 30 2U 20 18 15 IV 
50,000 -51* -no -2 7 -55 -57 -52 -61 51 58 26 35 55 25 17 21 IV 1 5 18 
20,000 -ib -26 -18 -22 -21* -31* -U0 33 21* 1 7 21 25 IU 10 15 IU 8 13 

CLEVELAND TO MIAMI 9U0 N. MI. 
5 5,000 - 1 14 U 0 2 -7 -12 -5 -7 -U- -2 -5 -15 -18 11* IU 9 IU 
1*0,000 -1 0 ! -I* 1 -IU -22 -12 -9 -9 -5 -8 -22 -30 22 2 5 17 22 
30,000 - 1 u 5 - 5 t -11 -19 -10 -10 -5 -2 -6 -19 -26 19 21 lu 21 
20,000 -1 5 - 1 -5 0 -10 -15 -1* -6 0 1 -2 -1 1 -17 16 16 9 15 

CLEVELAND U) MILWAUKEE 28U N. MI . 
5^,000 -U2 -28 -11* -2? -26 -59 -1*7 1*1 27 15 26 25 IU a 18 16 12 15 
1)0,000 -68 -MS -U0 -1*7 -50 -69 -80 65 1* 5 59 1*1* 1(7 2 8 18 2 8 27 2U 29 
50,000 -65 -1* 5 -55 -U5 -Ul* -65 - r r 61 UO 52 UQ U? 2 5 15 50 50 21 50 
20,000 -1(1* -29 -22 -29 -50 -US -SU M2 28 22 28 29 15 8 25 2 5 IU 22 

CLkVELANO TO NEW YORK 368 N. Ml . 
55,000 1*6 50 12 28 2 8 15 9 -kJ -51 -13 -29 -29 -U 5 -51 18 16 12 15 
1*0,000 IU t»V 57 U9 51 5 1 21 -76 -51 -59 -5 1 -53 -71* -86 29 2 8 2U 28 
30,000 fO us 32 U 5 U6 26 17 -73 -U8 -55 -1*6 -1*8 -70 -82 29 50 20 2V 
20,000 UH 52 22 29 51 i r 10 -50 -55 -23 -51 -32 -1*8 -58 25 25 1 5 22 

CLEVELAND tO PHILADELPHIA 515 N. Ml . 

5 5,000 i< ! 29 12 26 27 1U a -U5 -30 -1 5 -2? -28 -U2 -50 18 1 / 12 16 
UO.OOO 12 U? 56 US 1*9 2V 19 -75 -50 -58 -1*8 -52 -7 5 -81 ^9 28 2U 28 
30,000 6M i:U 30 1*0 UU 2M 15 -n -U7 -51 -U5 -1*6 -68 -8 1 29 JO 20 30 
2 0,000 m SI 21 27 50 16 V -1*9 -55 -2 1 -29 -5! -i»7 -57 2 5 2 5 1 5 2? 

CLtVfLANO iu KOCHE blIK N. Y 212 N HI , 
55,000 N 1 2 5 / 26 21* 1 ! 5 -1*2 -26 - 10 -27 -25 -39 -ur 18 i r 1 5 16 
<*0,000 62 HO 30 1*5 u 5 23 15 -66 -UU -55 -U8 -U7 -68 -T9 29 28 PS 29 
30,000 59 55 27 1» 1 59 20 10 -6U -59 -29 -UU -U2 -6U -76 50 '. 1 2 1 50 
20,000 . 1 2 5 19 27 26 12 5 -U5 -25 -20 -29 -2B -UU -55 2U ?'i IM 23 

CLslVfcLANO to St . LOUIS UP? N . "■'. 1 . 

5 5,000 -MS -50 -9 -27 -H -ul -U9 UU 29 ö 26 26 12 6 18 16 IP 15 
<iO,OOC ~!\ -kl\ -31 -1*« -U9 -69 -81 68 1*5 2v us U6 26 16 28 26 25 2 8 
30,000 -66 -k 5 -25 -u ■; -UP -6U -76 65 Kt 21* i*0 UO 2 1 12 2V 28 19 2 V 

20,00 -US -28 - IV -? T -28 -1*1* -55 l,J 76 18 26 27 1 5 1 22 22 13 21 

• HE«UHl'«OS--COM(>Utt:D   FO«    4      USO-HI    MKSPEEO. 
• •.%--, tvm\   AMHUAL   l-uiVALENI    Ht AD»! NvJS   FOR    INDICATED   PER 

-INUS    SU.NS    XHtitl    NtftOWlNOi. 

►•4 a I 

. t N I    H E L 1 A l- i L 1 1 It S . 

THE    But I NU   COMPANY 
lat'.SPO'U   DIVISION 

NO. D5-9176 
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tOUIVALENT HEADWINDS AND STANDARD DCVIAIION IN KNOTS FO« GKtAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEET 

EQUIVALENT H   E    A   D   W   I    N   D   S» 

JAN      APR 
DIRECT 

JUL      ÜCT    »»ASO A75  A85 

CLEVELAND TO ST. PETERSBURG 
S3,GOO   -9   -2    U   -i 
40,000  -13   -7    5  -10 
30,000  -II   -U    I   -9 
?0,000   -8   -2   -1   -5 

CLEVELAND TO TAMPA 
bi.OOO -H 

40,000 -12 
30,000 -10 
20,000 -8 

-2 
-7 
-3 
- 1 

I» 
5 
1 

-1 

-3 
•10 

S3,000 
i«0,000 
30,000 
20,000 

COLORADO 
53,000 
1*0,000 
30,000 
^0,000 

55 
60 
bt 
3V 

26 
1*0 
J7 
28 

1 1 
32 
21* 
I 7 

2 1 
3b 
31 
2 1 

SPRINGS 
35 25 
5 3 30 
H3 33 
31   23 

TÜ OKLAHOMA 
6 21 

2 3 38 
19 32 
10   19 

COLUMBIA 10 
53,000 -10 
UO.OOO -H 
30,000 -li* 
20,000  -II 

JACKSONVILLE 
-3    I*   -l* 
-12    6  -12 
-5    2   -9 
-5   -?   -6 

COLUMBIA TU MERIDIAN 
53,000  -51 -37    1 
1*0,000 -16 -58  -11 
30,000  -65 -U8   -9 
^0,000  -1*2 -32   -T 

COLUMBIA fO 
53,000 -50 
1*0,000 -73 
30,000 -63 
?0,000  -1*2 

MONTGOMERY 
-35    2 
-57   -9 
-1*6   -8 
-31   -7 

-23 
-UH 
-38 
-21 

-23 
-U? 
-if 
-21 

COLUMBIA TO PENSACOLA 
5^,000  -1*5 -31    i* -19 
1*0,000  -66 -51   -i* -1*1 
30,000  -56 -HO   -5 -32 
20,000 -if -27   -1* -18 

5^,000 
MO,000 
30.000 
2 0,000 

?v 
i a 
35 
29 

18 
28 
2 5 
I 6 

15 
a 
28 
1 I 

COLUMBUS, OHIO TO NEW YORK 
53,000 
1*0,000 
10,000 
20,000 

lb 
I? 
50 

SI 
50 
U6 
5 ! 

1 I 
35 
30 
21 

29 
5 1 
U5 
JO 

-2 -11 
-6 -2 1 
-1* -19 
-3 -U 

CLEVELAND TO WASHINGTON, D.C. 
22 
1*1 
36 
25 

CITY 
2 1 
37 
50 
19 

10 
22 
1 7 
1 1 

8 
19 
I 5 
7 

COLUMBIA TO WASHINGTON, D.C. 
11* 
25 
?2 
16 

2 ? 
5? 
U6 
51 

COLUMBUS,    OHIO   TO   PHUAOELPHIA 
53,000 
1*0,000 
50,000 
2 0,000 

1*9 
\ ! 
1 j 
50 

S2 
5 1 
U ! 

52 

1 1 
<6 

30 
2 1 

2V 
50 

50 

COLUMBUS,    OHIO   TO   TAM^A 
5 5,000 -u 1 u - 1 
MO,000 -Ö -5 6 -6 
50,000 -6 0 3 -S 
20t000 -5 0 0 -3 

29 
5 2 
U6 
51 

I 

-2 

15 
5 2 
2 7 
l l 

lb 
V? 
27 
I t 

-2 -12 -17 
-6 -22 -51 
-5 -19 -27 
-M -IM -20 

-17 

-30 
-27 
-20 

It 
12 

7 
I* 

-2 -1U -21 
-8 -27 -36 
-6 -22 -30 
-5 -17 -23 

-28 -M6 -54 
-MB -73 -85 
-39 -63 -71* 
_2M -Ml -M9 

-27 -M5 -53 
-1*7 -71 -8i* 
-38 -61 -72 
-23 -MO -M9 

-23 -Ml -MB 
-Ml -65 -76 
-53 -55 -65 
-20 -35 -MM 

9 
22 
18 
1 1 

22 
1 7 
1 1 

-9 - 1 5 
- 18 -27 
-16 - 2 M 
-12 - IB 

JAN      APR 

RETURN 
JUL      OCT A50 A75      A85 

2 -2 
-1 -2 

0 -3 
3 -1 

2 -2 
-2 -2 
-1 -M 

2 -2 

-37 
-59 
-M7 

-33 

M 5 

61 
55 
55 

-5 -33 
-M -M9 
-3 -MM 
-3 -33 

-M 
-7 
-3 

0 

-5 
-? 
-5 

I 

50 36 
7 3 56 
6M M5 
Ml 31 

M9 3M 
70 5M 
61 M3 
MO 29 

29 
l»7 
57 
2S 

-21 
-35 
-30 
-19 

-50 -32 -12 
-80 -53 -37 
-75 -M9 -51 
-52 -3M -21 

-5 
-6 
-7 
-5 

-5 
-a 

-5 I 
-7 3 
-3 i 

0 3 

-38 -27 -12 -22 
-67 -MM -3M -MO 
-63 -Ml -26 -36 
-M2 -30 -18 -23 

-27 -6 -22 
-Ml -25 -MO 
-36 -20 -3M 
-25 -11 -21 

I 23 
9 M6 
Ö 36 
6 20 

-2. 22 
8 MM 
7 35 
6 20 

18 
38 
30 
1 7 

-I 7 
-38 
-32 
-19 

-50 -32 -11 -50 
-78 -52 -37 -53 
-7M -M9 -31 -M7 
-51 -33 -22 -31 

-30 
-52 
-M7 
-31 

-1 -10 -15 
-2 -17 -25 
•1 -IM -22 

I -9 -IM 

-1 -10 -15 
-2 -17 -25 
-1 -15 -22 

1 -9 -15 

-2M -37 -MM 
-M5 -66 -78 
-MO -61 -73 
-27 -M3 -52 

-22 -36 -M3 
-MO -60 -71 
-32 -52 -63 
-20 -55 -M3 

0 -11 -16 
1 -16 -25 
1 -IM -22 
3 -7 -13 

27 
M7 
37 
2 3 

26 
MM 
36 
22 

21 
38 
30 
18 

7 
2 1 
15 

a 

6 
19 
IM 

a 

3 
IM 
10 

5 

•16 -3 1 -39 
■32 -53 -6M 
■27 -M7 -58 
-18 -33 -M2 

-29 -M5 -52 
-5M -75 -87 
-M8 -70 -83 
-32 -M9 -59 

-30 -M5 -53 
-5M -76 -88 
-M8 -71 -BM 
-52 -M9 -59 

-5 -12 -17 
-5 -20 -29 
-M -17 -25 
-1 -11 - 16 

STANDARD   DEVIATION 

JAN      APR      JUL      OCT 

15 
23 
21 
18 

15 
2 3 
21 
18 

18 
29 
28 
2 5 

18 
30 
30 
22 

1 7 
26 
2 3 
19 

1 7 
26 
2M 
19 

1 7 
27 
2M 
20 

16 
26 
23 
19 

1 7 
27 
25 
7 I 

18 
28 
28 
23 

IB 
2 9 
28 

25 

•HEACMlNOS—COMPUIEO    FO«    A       M50-KT    »IRSPfcfcO. 
,.&..utNOUS   ANNUAL   Ei.UlV4LlNt   HCAOMltOS   FOR    1N01CAIEU   Pt«   CENT   RfcL 1 Afa 1L I t 11 S. 

MINUS    SUNS   OtNüU    HtAOtalNDS. 
1HC   BOtlNG   COWk-aSY 
IHANSPOKl   DIVISION 

81 1 N.MI. 
15 10 U 
2U 18        23 
23 15        23 
17 10   16 

808 N.MI. 
15 10 IK 
2M 18 23 
23   15   23 
18 10   16 

17 
29 
30 
23 

16 
26 
27 
19 

18 
2 8 
25 
19 

269 N.MI . 
13 16 
2M 29 
20   30 
15   22 

397 N. 
12 
21 
17 
12 

2 IM N. 
11 
20 
16 
10 

1 7 
27 
25 
19 

1 7 
2B 
2 9 
? 5 

Ml. 
15 
26 
27 
19 

MI. 
18 
26 
25 
18 

395 N.MI. 
17   II    16 
27 20   25 
26   16   26 
19 10   18 

283 N.MI . 
17   11   17 
28 21   26 
26   16   26 
20 11   IB 

373 N.MI. 
11 16 
20 25 
16 2M 
10   17 

35M N.MI. 
17 11 16 
29 22 27 
28   17   27 
21 I?   20 

M 18 N.MI. 
16   12   15 
28 23   28 
29 19   29 
22 15   22 

552 N.MI. 
1? 16 
2M 28 
19 29 
1 3   22 

722 N.MI. 
15 15 10 15 
2U 2 5 19 2 5 
2 1 2 5 15 25 
18   18   10   17 

NO. 
PAGE 
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tÜUIVALENT   HCADWINüS   AND   STANÜARD   DEVIATION    IN   KNUTS   FÜR   GFcfcAT   CIKCLfc   AIR   ROUTES 

HtlGHf E 0 J I V A L E N T H E A 0 W I N 0 S« STANDARD DEVIA r ION 
IN D I R E C T R E T U R N 

FEET JAN APR JUL OCT ••A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

COLUMBUS. OHIO TO WASHINGTON D.C 280 N. MI. 

53,000 U6 51 1 1 27 27 1U 8 -47 -52 -11 -27 -28 -U3 -51 18 1 T 12 16 

1(0,000 75 50 3U Uö 50 29 19 -78 -52 -35 -49 -52 -74 -86 29 29 24 29 

50,000 70 U5 27 Ul UU 2U 15 -73 -48 -28 -44 -46 -69 -82 28 30 19 30 

20,000 kti 52 19 27 29 15 9 -50 -33 -20 -28 -31 -48 -58 25 25 15 22 

DALLAS TO DENVER 568 N. MI. 

55.000 -31 -21 -5 -18 -18 -30 -37 28 19 U 16 16 5 -1 17 15 1 1 15 

40,000 -k/ -33 -19 -5U -32 -51 -60 38 28 17 30 27 10 1 28 25 20 25 

50,000 -57 -29 -15 -29 -26 -UU -5U 30 24 1U 26 22 7 -1 29 25 16 25 

20,000 -27 -20 -7 -17 -16 -29 -37 2U 18 6 16 14 3 -2 20 18 1 1 17 

DALLAS TG EL PASO 487 N. MI . 

55,000 -U5 -56 0 -20 -25 -U2 -U9 UU 56 0 19 25 8 0 17 15 1 I 15 

UO.OOO -70 -59 -1U -UU -U6 -69 -81 68 57 15 U2 UU 22 12 28 26 19 23 

50,000 -58 -U9 -9 -33 -35 -58 -69 56 U7 8 5 1 35 1 5 5 28 24 15 23 

20,000 -56 -50 -5 -17 -20 -36 -UU 35 29 U 16 19 6 0 19 1 1 10 16 

DALLAS TO HOUSTON 208 N. MI. 

55,000 10 9 3 T 7 -U -9 -15 -15 -5 -8 -9 -20 -26 18 i r 1 1 16 

U0,000 10 15 7 15 1 1 -6 -15 -23 -22 -8 -20 -18 -55 -45 29 2 7 21 2 5 

50,000 V 1 1 6 12 9 -6 -1U -18 -17 -7 -16 -13 -30 -39 27 26 16 2 5 

20,000 f 8 -U 6 3 -8 -13 -1 1 -1 1 4 -8 -5 -18 -25 20 18 10 1 t 

DALLAS TO JACKSON 536 N. Ml. 

55,000 U8 57 0 22 27 8 1 -49 -37 -1 -22 -27 -45 -53 17 16 11 16 

UO.OOO 71 57 1 1 U6 U6 22 10 -7U -59 -12 -47 -48 -72 -84 28 27 20 2U 

50,000 59 U7 ö 5U 55 1U 5 -62 -48 -8 -36 -37 -6 1 -72 27 26 16 26 

20,000 58 30 2 19 21 5 -1 -59 -31 -2 -20 -2 1 -59 -U7 20 19 10 18 

DALLAS TO KANSAS CITY 592 N. MI. 

55,000 1 1 1 1 -1 5 6 -U -10 -16 -14 0 -7 -8 -20 -27 18 16 12 15 

1(0,000 21* 15 2 9 1 1 -6 -15 -36 -23 -4 -15 -18 -38 -48 29 27 21 26 

50,000 2 0 1 i 0 U 8 -8 -17 -30 -19 -1 -9 -15 -32 -44 29 27 16 27 

20,000 iü ! 5 5 5 -6 -12 -15 -10 -U -5 -8 -20 -27 21 20 1 1 19 

DALLAS TO LAS VEGAS 925 N. Ml. 

55,000 -UO -32 -5 -2 1 -2U -37 -UU 39 51 u 21 25 10 4 15 15 10 15 

40,000 -62 -51 -2 3 -Ul -U3 -61 -72 59 ÜB 22 59 41 2 4 15 25 2 5 18 22 

50,000 -52 -U5 -17 -33 -5U -55 -65 U9 Ul 16 5 1 52 16 9 27 2 5 14 21 

20,000 -55 -27 -9 -1 7 -20 -53 -UO 32 26 8 16 IV 8 3 18 16 10 15 

DALLAS TG LIT T L b <ÜCK 256 N. MI. 

5 5,000 i*i* 5U 0 20 2U r 0 -46 -55 -1 -2 1 -25 -43 -50 18 ! 7 12 16 

UO.OOO !  1 52 10 Ul U5 19 8 -7U -55 -12 -44 -45 -70 -B5 29 28 21 25 

50,000 60 ki 6 50 52 1 1 2 -62 -46 -7 -55 -55 -60 -72 29 ?! 16 2H 

20,000 58 28 5 i r 20 6 0 -39 -29 -6 -18 -2t -38 -47 2t 19 1 1 IV 

DALLAS TO LOS ANGELES 080 N. MI. 

55,000 -UO -53 -U -21 -2U -58 -UU 59 52 5 20 24 10 3 15 1 5 10 12 

UO.OOO -62 -52 -22 -UO -U5 -61 -71 59 50 21 59 U 1 24 16 24 22 i r 2 0 

50,000 -52 -uu -15 -32 -5U -52 -62 U9 42 15 50 52 1 7 9 2 5 21 14 19 

20,000 -5 5 -27 -8 -16 -19 -52 -59 31 26 r 15 18 R 5 17 15 9 14 

DALLAS TO LOUISVILLE 650 N .Mi . 

5 5,000 U2 51 2 ? I ;>u 8 2 -UU -35 -2 -22 -25 -Ul -Ufi 1 7 15 1 1 tu 
1*0,000 6V U7 1U U 1 U2 20 10 -73 -51 -16 -UU -U5 -68 -80 26 26 20 24 

50,000 59 UO 10 51 5 5 1 5 u -63 -U5 -1 1 -5U -36 -59 -71 26 25 16 2 6 

20,000 59 27 9 19 21 8 5 -4 1 -28 -9 -20 -22 -38 -4 7 20 IV 1 1 18 

DALLAS TO LUUUOCK 25U N .Ml . 

55,000 -U5 -55 -5 -2 1 -25 -U2 -50 44 5U 2 20 2U a 2 18 16 12 16 

t0,000 -69 -55 -16 -U5 -U5 -69 -81 65 55 15 43 U5 2 1 10 50 28 21 2 5 

50,000 -5? -U6 - 1 I -55 -55 -58 -70 54 Uli 10 33 55 1 5 u 29 2 6 16 26 

20,000 -5? - MJ -5 -19 -21 -57 -U6 56 29 u 18 20 6 0 21 19 n 18 

DALLAS TO MEMPHIS 56? N .Mt. 
55,00C Uö 55 1 22 25 9 1 i -48 -56 -1 -25 -26 -UU -52 18 16 1 1 16 

UÜ.OOC fu 55 12 U3 US 21 10 i -76 -56 -1 5 -46 -U7 -72 -84 2H 28 21 25 

50,00C 6 2 ... r 52 Sd 12 3 -65 -U? -fj -55 -57 -61 -74 28 26 16 2/ 

20.00i. UO 29 6 1 ) .'1 r l -Ul -50 -6 -20 -22 -39 -48 21 lv 1 1 18 

• Hl Al}«iNOS--tO*PUItO   fO«   A      i*50-KT   AlHSPttD. 
• •»—OtNOItS   ANNUAL   EttüIVAlLNI   HtADWjNÜS   FOR    INDICATED   Pfc«   CENT    RtLI Ab IL1TIES. 

KiNUS   SU.NS   OtNCIE    MtADKlNUS. 
THE »OtlHG COMPANY 

»»s,.t   i i TRA'.SPG*! DIVISION 
NO. 06-91/6 



■..-.:   ■   ■ 

tÜUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

1 

1 

I 

I 

I 

I 

I 
i 
I 
I 
! 

I 

HEIGHT 
IN 

FEET 

EQUIVALENT HEADWINDS» 

JAN      APR 
DIRECT 

JUL      OCT   »»ASO A75     A85 

DALLAS TO MIAMI 
5:5,000 
UO.OOO 
30,000 
20,000 

i9 
54 

21 

i2 
51 
40 
25 

-3 )6 
5 35 
1* 27 
0 13 

DALLAS TO MIDLAND 
53,000 -1*6  -37    0 -20 
40,000 -72      -59  -12 -41» 
30,000 -60  -49   -6 -33 
20,000 -37  -30   -4 -17 

DALLAS TO MONHOE 
53,000 40   36 
40,000 70   57 
30,000 59   47 
20,000 38   30 

1 21 
1 45 
8 34 
2 19 

DALLAS TO NEW ORLEANS 
53,000 39 32 -1 
40,000 56 50 9 
30,000 4 7 40 6 
20,000 30 26 -2 

DALLAS TO NEW YORK 
53,000 46 32 4 
40,000 72 49 21 
30,000 64 43 17 
20,000 43 29 13 

DALLAS TO ORLANDO 
53,000 44 35 -2 
40,000 62 55 7 
30,000 52 44 6 
20,000 33 28 2 

DALLAS TO ST, 
53,000   31 
40,000 
30,000 
20,000 

53 
46 
2 9 

LOUIS 
24     1 
36   10 
31    6 
20    7 

DALLAS TO SAN ANTONIO 
53,000 -26  -20    5 
40,000 -44  -54    1 
30,000 -36  -28    4 
20,000 -21  -15   -4 

18 
39 
30 
16 

25 
46 
38 
24 

19 
41 
31 
16 

16 
29 
22 
1 3 

-8 
-20 
-14 
-7 

DALLAS TO SAN FRANCISCO 
53,000 -38  -29 -6 -2 1 
40,000 -5«  -46 -25 -59 
30,000 -49  -40 -19 -32 
20,000 -31  -25 -10 -If 

DALLAS TO SEATTLE 
53,000 -31  -20 -7 -20 
40,000 -46  -32 -23 -35 
50,000 -41  -29 -20 -32 
20,000 -28  -19 -11 -20 

DALLAS TO TUCSON 
53,000 -43  -36 -1 -20 
40,000 -67  -57 -17 -42 
50,000 -56 -U! -11 -i2 
20,000 -55  -29 -5 -16 

DALLAS TO TULS4 
53,000 V   11 -2 4 
4 0,000 2 3   lb 0 H 
50,000 20   15 -2 i 
20,000 10    6 3 2 

22 5 -2 
37 16 7 
29 II 4 
15 3 -2 

-25 -43 -51 
-46 -71 -83 
-35 -59 -71 
-20 -37 -45 

26 
46 
35 
20 

2 7 
46 
39 
25 

1? 
31 
24 
15 

5 
10 
7 
5 

22 
13 
5 

21 6 
38 17 
29 10 
16 2 

12 
27 
21 
14 

4 
I 1 
6 
k 

-11 -26 
-23 -44 
-16 -37 
-10 -23 

1 
10 
4 

-1 

5 
18 
13 
9 

25 6 -2 
42 20 9 
3 3 13 5 
18 5 0 

-2 
1 

-3 
-2 

-33 
-56 
-49 
-30 

-23 -35 -41 
-41 -57 -67 
-33 -50 -59 
-19 -51 -38 

-19 -29 -54 
-33 -48 -56 
-29 -44 -52 
•18 -29 -35 

-25 -40 -4? 
-45 -66 -77 
-35 -56 -67 
-19 -34 ~h2 

-6 -12 
-8 -18 

■10 -19 
-7 -13 

JAN  APR 
RETURN 

JUL      OCT        A50 

41 -33 
59 -54 
48 -43 
29 -26 

45 56 
70 38 
58 47 
36 29 

-46 
•66 
-55 
-54 

21 
54 
28 
1 7 

5 7 
55 
46 
50 

29 
4 1 
36 
26 

42 
64 
5 4 
54 

a -i7 
-6 -37 
-5 -28 
0 -14 

0 
11 
5 
4 

-36 2 
-58 -8 
-46 -6 
-29 -2 

-34 -26 
-61 -41 
-52 -35 
-32 -22 

17 
27 
22 
1 5 

28 6 
44 24 
38 17 
24 10 

55 
55 
46 
2fl 

-15 -14 
-55 -25 
-29 -19 
- 14 -9 

2 
-I 

1 

19 
43 
31 
16 

-49 -37 -1 -22 
-73 -59 -12 -47 
-61 -48 -8 -36 
-39 -31 -2 -19 

-42 -33 0 -19 
-62 -54 -10 -42 
-51 -43 -7 -32 
-32 -27 1 -17 

-48 -33 -5 -26 
-75 -52 -22 -48 
-67 -46 -18 -40 
-45 -30 -14 -25 

-20 
-43 
-33 
-17 

-I -17 
■12 -34 
-7 -26 
-8 -14 

-6 6 
-2 15 
-4 10 
4 5 

20 
37 
30 
16 

19 7 19 
28 20 32 
26 18 29 
18 10 18 

! 20 
16 41 
10 31 
5 15 

-6 
-14 
-7 
-u 

A75  A85 

-23 -38 -45 
-40 -60 -69 
-31 -49 -57 
-16 -29 -36 

24 
45 
3 3 
20 

9 
17 
12 
9 

22 
39 
51 
18 

24 
45 
55 
19 

7 
21 
1 1 
6 

-4 
-2 
-5 
-2 

1 1 
2 4 
1 7 

9 

8 
25 
15 
6 

-I 
10 
3 
0 

-27 -45 -53 
-48 -72 -84 
-37 -61 -73 
-2 1 -38 -47 

-23 -39 -47 
•42 -64 -75 
-32 -53 -64 
-17 -33 -41 

-28 -42 -49 
-49 -69 -80 
-41 -62 -72 
-26 -4 1 -49 

-26 -42 -49 
-45 -66 -76 
-35 -55 -64 
-19 -34 -41 

-19 -33 -41 
-36 -58 -69 
-28 -50 -62 
-17 -31 -40 

10 
■1 1 
13 
-8 

5 
16 
10 
4 

18 9 5 
30 16 9 
26 13 6 
17 8 3 

1 
13 
7 
1 

-Ö -20 -27 
U -it -49 
11 -51 -43 
-7 -19 -26 

• HtADWINOS — COMPUltU FOR A  4.50-K T AIRSPEED. 
•A—OEHOTES ANNUAL ECUIVALtNl HLäO-INOS FOR INDICATED PER CENT RELIABILITIES. 
MINUS SIUNS nENOTE Mt&OWlNOS. 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

14 
21 
19 
15 

18 
29 
28 
20 

18 
29 
28 
20 

18 
28 
28 
21 

18 
29 
2 7 
20 

14 
2 5 
24 
17 

13 
21 
2 3 
16 

16 
26 
?7 
18 

19 
50 
50 
?? 

THE BOEING COHPANY 
TRANSPORT DIVISION 

963 N.MI. 
14 9 14 
21 16 19 
19 12 18 
14    8   13 

16 
27 
26 
18 

276 N.MI- 
12 16 
21 24 
15 25 
11   18 

244 N.MI. 
17 12 16 
28 21 24 
26 16 26 
19   11   18 

379 N .MI. 
1? 16 11 15 
27 26 20 23 
25 25 15 24 
19 18 10 17 

199 N MI. 
14 13 9 12 
22 22 18 21 
2 2 22 14 22 
17 17 9 16 

840 N. MI. 
14 14 9 14 
23 2 3 17 20 
21 21 13 20 
16 15 9 14 

16 
27 
26 
19 

16 
27 
25 
18 

474 N.MI. 
11 15 
21 25 
16 27 
1 1   19 

216 N.MI. 
12 16 
21 23 
15 25 
10   17 

1279 N.MI. 
12 9 12 
21 17 20 
21 14 19 
15    9   14 

1449 N. 
1 I    8 
19   16 
21   14 
15    9 

MI . 
1 1 
20 
20 
14 

714 N.MI. 
14 11 14 
24 18 22 
23   14   21 
16 9   15 

207 N.MI. 
17 12 16 
29 22 26 
27 17 28 
20   II   19 

NO. 
PAGE 

06-9 176 
103 



tCUIVALENT   HEADWINDS   AND   STANDARD   DEVUriON   IN   KNOTS   FOK   GREAT   CIRCLE   AIR   ROUTES 

HEIGHT 
IN 

e Q u i v A   L E   N    T H   E A   D W   1    N D   S» STANDARD DEVIA TION 
Ü    1 R   E C    T R   E T   U   R N 

FEET JAN APR JUL OCT ••A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

DALLAS TO   WASHINGTON, D.C. 1026   N .MI. 

53,000 U? 53 5 2U 27 1 1 U -U9 -3U -U -25 -28 -U3 -50 15 1U 9 13 

UO.OOO 75 51 18 U6 U7 26 16 -76 -SU -20 -U8 -U9 -70 -81 23 23 18 22 
30,000 65 UU 1U 57 38 19 11 -68 -U7 -15 -UO -Ul -63 -73 22 2 5 IU 2 5 

20,000 U5 29 1 1 25 25 12 7 -US -31 -11 -2U -26 -Ul -U9 18 17 10 16 

DAYTON TO   HARTFORD 536   N .MI. 
53,000 U7 29 1 1 29 28 15 9 -1*8 -30 -1 1 -30 -29 -U3 -51 17 16 12 15 
140,000 73 U8 55 50 50 51 21 -76 -50 -56 -53 -53 -73 -8U 27 26 23 27 

50,000 69 UU 50 U5 U5 26 17 -72 -U7 -32 -U7 -U7 -69 -81 28 28 19 28 

20,000 1*8 50 21 50 30 17 1 1 -U9 -31 -22 -31 -32 -U7 -57 22 22 13 21 

DAYTON TO   LOS ANGELES 1668   N .MI. 
53,000 -3V -31 -10 -23 -25 -36 -U2 58 30 9 2 5 25 1U 9 13 1 1 8 10 

40,000 -6U -U7 -5U -U2 -1*6 -6) -69 62 U5 52 UO UU 50 23 20 18 16 19 

30,000 -55 -Ul -25 -35 -57 -52 -62 52 39 2U 55 35 22 16 22 20 13 19 

20,000 -35 -26 -16 -2 1 -23 -31» -UO 3U 25 16 20 22 15 9 15 IU 9 15 

DAYTON TO   NEW YORK U79   N. MI,. 
53,000 U9 51 1 1 29 29 15 9 -U9 -32 -11 -30 -29 -UU -5^ 18 16 12 15 
HO,000 16 SO 55 51 52 32 22 -78 -52 -37 -53 -5U -75 -86 28 27 2 5 27 
30,000 72 U6 50 US U6 27 18 -7U -UH -31 -U7 -U8 -70 -83 28 29 19 28 

20,000 uv 5 1 21 30 51 17 1 1 -51 -33 -22 -31 -32 -U8 -58 22 22 15 21 

DAYTON TO   ST. LOUIS 29U   N, MI. 
53,000 -U7 -52 -9 -2 7 -28 -U5 -51 U6 31 9 27 27 15 7 18 1 7 12 15 
140,000 -75 -51 -51 -U9 -51 -72 -8U 72 U9 29 U7 U8 28 17 29 27 23 29 

30,000 -69 -U6 -2U -U3 -U3 -66 -79 66 UU 25 Ul Ul 21 12 50 29 19 50 
20,000 -U6 -50 -19 -28 -29 -US -55 U5 29 18 27 28 1U 7 22 22 15 22 

DAYTON TO   WASHINGTON, D.C. 339   N. MI. 
53,000 U7 52 1 1 27 28 1U 8 -U8 -32 -1 1 -28 -29 -UU -52 18 1 7 12 16 
40,000 76 50 5U U7 51 50 20 -78 -55 -35 -50 -53 -75 -86 29 28 25 2 8 
30,000 n U6 27 U2 UU 25 15 -7 5 -ua -28 -UU -U6 -69 -82 27 29 19 29 
20,000 UH 52 19 28 30 16 9 -50 -33 -20 -29 -51 -U8 -58 2 5 22 15 22 

DAYTONA BEACH TO MIAMI 207   N. MI. 
53,000 6 1 1 1 U 5 -5 -1 1 -10 -13 -2 -5 -7 -18 -2U 17 17 10 18 
UO.OOO J r 6 U 6 -9 -18 -16 -16 -7 -8 -1 1 -27 -36 2U 25 18 2U 
30,000 6 15 U u 6 -6 -15 -1 1 -17 -5 -6 -9 -22 -30 19 21 IU 2 0 
20,000 ft 6 -u -1 1 -8 -15 -8 -8 5 0 -2 -12 -18 17 16 9 IU 

DENVER TO   LL PASO U8U   N- MI. 
53,000 -8 -10 -5 -5 -6 -16 -22 U 7 5 1 U -5 -1 1 1 7 15 11 15 
140,000 -17 -1U -1 1 -8 -12 -29 -58 6 7 8 2 6 -1 1 -20 29 26 21 2 5 
iO,000 -1U -12 -7 -U -9 -25 -5U 6 6 5 0 U -1 1 -20 50 26 16 2U 
20,000 -5 -6 -7 -2 -5 -16 -22 2 5 7 0 u -8 -1U 2! 18 1 1 1 7 

DENVER TO   KANSAS CUY U78   N. MI . 
53,000 59 29 1 1 25 25 15 7 -UO -30 -11 -25 -25 -59 -UÖ 18 16 1 1 15 
UO.OOO 68 U5 57 U 5 U6 2H 19 -71 -U5 -38 -U5 -U8 -68 -79 28 2 5 22 27 
30,000 55 5« 28 5ft 5 7 20 1 1 -55 -UO -29 -38 -39 -58 -69 50 27 18 27 
20,000 55 25 i r 2U 2U 12 6 -56 -26 -17 -25 -25 -59 -1*7 22 20 12 19 

DENVER TO   LAS VEGAS 55U   N. MI . 
55,000 -51 -26 -i i -20 -21 -52 -59 29 25 1 1 19 20 10 5 1 7 IU 1 1 IU 
UO.OOO -149 -59 -57 -57 -UO -57 -67 U5 56 56 5U 57 21 12 28 25 21 2 6 
50.000 -U2 -55 -28 -29 -52 -50 -60 58 52 27 26 50 1U 5 5 1 27 18 2 5 
20.000 -26 -21 -1 7 -16 -19 -51 -58 2U 20 16 IS 18 7 1 21 19 12 18 

DENVER 10   LINCOLN 577   N. MI. 
55.000 ifi ?? 12 23 2U 1? 7 -57 -28 -15 -2U -2U -iT -UU Ifl 16 12 15 
UO.OOO f.1! UO 5 J UO U5 2 7 17 -6 7 -U2 -Ul -U2 -U7 -66 -77      j 2 9 26 2 5 2^ 
50,000 50 56 50 5U 56 19 10 -52 -38 -51 -56 -58 -5? -68 51 28 IS 28 
20,000 52 25 1 H 2 5 23 l 1 5 -55 -25 -19 -2U -2U -38 -U5 22 21 12 19 

DENVER TO   LOS ANGELES r56   N .MI. 
55,000 -50 -26 -10 -19 -20 -51 -57 28 25 10 18 19 V U 16 1« 10 15 
UO.OOO -u/- -5» -55 -51. -58 -5U -63 U5 55 5U 52 5ft 2 0 12 26 2U 20 2U 
JO,000 -no -5'« -25 -2 7 -51 -u? -56 56 '■5 2U 25 28 1 5 5 29 25 IT 2 5 
20,000 -25 -21 -16 -15 -18 -50 -56 2 5 20 IS in 1 7 7 1 20 1« l l 1ft 

•HfADWlNOS—COMPUTED   FOR   A      U50-M    AlKSPEfcD. 
••Ä--DENOUS   ANNUAL   EWUIVALENI    HEAOMlNOS   FOR    INDICATED   PE«   CENT   RELlABILITltS. 

MINUS   SI&NS   OtNOIt   HEADWINDS. 
THfc    BOEING   COMPANY 

PAut       10* TRANSPORT   DIVISION 
NO.      06-9 1/6 



■  ■  .  ; .  ■   ■   .   v. 

EÜUIVALENT HEAOMINOS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

I 

I 

HEIGHT E Q U I /AL E N 1 HEAD W I N D S» STANDARD DEVI^ kTION 
IN D 1 R E C T R E T U R N 

FEET JAN APR JUL OCT • •A50 A/5 A85 JAN APR JUL OCT A50 A75 A85 JAN APR  JUL OCT 

DENVER TO LUÖBOCK 395 fi .MI. 
Si,000 1U 7 0 9 1 -3 -9 -18 -10 -1 -11 -9 -20 -2 7 18 16   12 15 
UO.OOO 15 11 6 15 1 1 -6 -15 -27 -18 -9 -20 -18 -36 -U6 30 26   21 26 
30,000 13 10 6 15 10 -6 -15 -21 -15 -8 -19 -15 -32 -U2 31 27   17 26 
20,000 13 9 2 9 7 -U -10 -16 -11 -3 -11 -9 -22 -29 22 19   11 18 

DENVER TO M1LWAUKE E 787 N .Ml. 
53,000 36 26 13 23 2U 13 8 -37 -27 -13 -2U -2U -36 -U2 16 IU   10 13 
UO.OOO 62 UO 39 UO UU 28 19 -6U -U2 -UO -U3 -U7 -6U -7U 25 22   20 25 
30,000 52 36 31 35 37 21 13 -55 -38 -32 -37 -39 -57 -66 27 2 5   17 25 
20,000 3U 2U 20 2U 2U 13 7 -35 -25 -20 -25 -25 -38 -U5 20 19   11 18 

DENVER TO MINNEAPOLIS 601 N .MI. 
55,000 28 21 13 18 19 10 5 -30 -22 -13 -20 -20 -31 -37 16 IU   11 13 
UO.OOü U( 32 36 32 37 20 1 1 -52 -35 -39 -35 -UO -57 -66 26 23   21 26 
30,000 UO 29 29 27 31 IU 5 -UU -32 -31 -31 -3U -51 -61 29 26   18 27 
20,000 25 19 18 19 20 8 2 -27 -20 -19 -21 -21 -3U -UO 21 19   12 19 

DENVER TO NEW YORK IU19 N .MI. 
53,000 U2 29 12 26 26 16 1 1 -U3 -30 -13 -27 -27 -39 -U5 13 12    9 1 1 
UO.OOO 70 U5 38 U5 U8 33 26 -72 -U7 -39 -U7 -50 -67 -75 21 20   17 21 
30,000 61 Ul 30 UO Ul 21 20 -6U -U3 -31 -U2 -U3 -60 -70 22 21   IU 21 
20,000 Ul 28 20 27 2 7 17 13 -U3 -29 -21 -28 -29 -UO -U8 17 16   10 16 

DENVER TO OMAHA 377 N ■ MI. 
53,000 36 27 12 23 2U 12 7 -37 -28 -13 -2U -2U -37 -UU 18 16   12 15 
UO.OOO 65 UO 39 UO U5 27 17 -67 -U2 -Ul -U2 -U7 -66 -77 29 26   23 27 
3 0,000 50 36 30 3U 56 19 10 -52 -38 -31 -36 -38 -5 7 -63 31 28   18 28 
20,000 32 23 18 23 23 1 1 5 -33 -25 -19 -2U -2U -38 -U5 22 21   12 19 

DENVER TO PHOENIX 512 N. MI. 
53,000 -2U -23 -3 -IU -17 -28 -3U 22 22 8 13 15 5 0 17 15   1 1 15 
UO.OOO -Ul -33 -29 -28 -32 -50 -59 3U 29 27 2U 28 12 3 28 25   21 25 
30,000 -iU -29 -2 1 -2 1 -25 -U3 -52 28 25 20 18 22 7 -2 31 27   17 2U 
20,000 -20 -i7 -15 -1 1 -16 -27 -33 18 16 IU 10 IU 3 -3 21 19   1 1 17 

DENVER TO PORTLAND , ORE- 85U N. MI. 
53,000 -32 -20 -10 -23 -20 -31 -36 31 19 10 22 20 10 6 15 13   10 12 
UO.OOO -U7 -32 -30 -37 -36 -52 -61 U5 30 27 35 3U 18 10 2U 22   20 25 
30,000 -UU -31 -25 -3U -33 -50 -60 Ul 2B 2 3 32 30 IU 6 27 25   18 25 
20,000 -2V -20 -16 -22 -21 -33 -39 28 18 15 21 20 V 3 19 18   12 1 7 

DENVER TO RAPID CITY 270 N. MI. 
5 3,000 5 7 8 2 6 -U -10 -9 -8 -8 -U -7 -1 7 -23 18 15   12 15 
1*0,000 r 9 15 6 9 -9 -18 -16 -13 -20 -1 1 -15 -33 -U2 28 26   23 28 
30,000 6 8 12 2 8 -1 1 -21 -13 -13 -15 -7 -12 -30 -UO 52 29   20 29 
20,000 2 u 8 2 U -8 -16 -5 -7 -9 -U -7 -19 -26 22 21   13 20 

DENVER TO RENO 687 N. MI. 
55,000 -5U -25  - -15 -23 -22 -33 -UO 33 25 12 22 22 12 7 16 IU   10 13 
■»O.OOO -51 -38  ■ -58 -UO -Ul -58 -67 U9 36 36 38 59 2 3 IU 26 2U   21 25 
30,000 -U5 -35  - -29 -33 -3U -52 -62 U2 5 5 27 31 52 16 7 29 27   18 2 5 
20,000 -28 -22  - -17 -20 -2 1 -33 -UO 27 20 16 19 20 9 3 21 18   12 18 

DENVER ro SALT LAKE CITY 330 N. MI. 
5 3,000 -55 -25  - -1 1 -2U -23 -35 -U2 5U 25 1 1 25 22 1 1 6 18 15   11 15 
1*0,000 -5U -37  - ■5H -Ul -U2 -60 -7 11 52 35 35 39 UO 22 12 29 26   23 28 
30,000 -U? -35  - -29 -35 -55 -5U -65 UU 35 28 5 5 55 16 6 52 30   19 28 
20,000 -30 -22  - ■1 7 -22 -22 -35 -U2 29 21 16 21 21 9 2 2? 20   13 19 

DENVER ro SA» FRANC1SCC 828 N. MI. 
5 3,000 -35 -26  - -12 -21 -22 -32 -39 51 25 12 21 21 12 7 16 13   10 13 
UO.OOO -50 -38  - -57 -38 -UO -56 -65 U7 56 36 36 38 2 5 15 25 23   20 2U 
50,000 -UU -55  ■ -28 -31 -33 -50 -59 UO 35 26 2 9 3 1 16 8 28 25   17 2U 
20,000 -2« -21  - -1 1 -18 -20 -52 -38 2ft 20 16 17 19 9 3 20 18   1 1 1 ! 

DENVER ro stAiUE 88U N. Ml. 
5 3,000 -30 -18 -9 -22 -19 -29 -35 29 1 7 9 21 18 V U 15 12   10 12 
UO.OOO -U5 -29  • -27 -35 -33 -U9 -58 12 27 ZU 35 51 15 7 23 21   20 2U 
50.000 -U2 -28 -2* -3U -31 -U8 -58 59 26 2 1 51 28 12 U 27 25   18 25 
20,000 -29 -18 -15 -22 -20 -32 -38 27 17 1 u 2 1 19 8 2 19 17   12 1 7 

•Ht*D>«lNOS--tOMPurEO FOR A  t*50-K r AIRSPEED. 
••A--DtNOTLS ANNUAL EOUIVALENT HEAOwI^OS FOR INOICAfED PER CENT RELIABILITIES. 

MINUS SIGNS DENOTE HEAOWINOS- 

TME BOEING COMPANY 
TRANSPORT DIVISION 

NO.  06-9 176 
PAGE      105 



fcCUlVALENT   HEADWINDS   AND   STANDAKD   DEVIATION   IN   KNOTS   FOR   GREAT   CIRCLE   AIR   ROUTES 

HfclGHf E Q U I V A L E N T H E A D W I N D S» STANDARD DEVIA TIUN 
IN D I R E C T R E T U R N 

FEET JAN  APR JUL OCT • •A50 A75 A85 JAN APR JUL OCT A50 A7S A85 JAN APR JUL OCT 

DENVER TO SIOUX FALLS U30 N .MI. 
53,000 28   21 13 18 19 9 i* -30 -22 -13 -19 -20 -31 -37 17 15 1 1 IU 
UO.OOO U7   32 36 31 36 19 9 -52 -35 -38 -31+ -39 -57 -67 27 25 2 2 2? 
30,000 38   29 28 26 30 13 3 -1*3 -32 -30 -30 -33 -5 1 -61 30 27 19 28 
20,000 21*   19 17 18 19 7 1 -26 -20 -18 -20 -21 -33 -UO 22 20 13 19 

DENVER TO TULSA U76 N .MI. 
53,000 36   27 7 22 22 10 U -38 -28 -8 -23 -23 -37 -uu 18 16 1! 15 
1+0,000 58   59 28 1*0 1*0 22 13 -63 -1+2 -29 -1*2 -U3 -63 -73 29 26 2 1 26 
30,000 U6   31* 21 3 3 32 15 7 -50 -37 -22 -35 -3U -5U -6U 30 27 i r 27 
20,000 32   23 12 21 21 9 3 -31* -25 -13 -22 -22 -36 -UU 21 19 11 18 

DENVER TO WASHINGTON, C .C. 289 N .MI. 
53,000 1*3   30 1 1 26 27 16 10 -i+l* -31 -12 -27 -28 -UO -U6 1U 13 9 12 
1*0,000 72   1*7 36 1*5 UO 3 3 25 -71* -U9 -37 -1+7 -50 -68 -78 22 2 0 18 22 
30,000 62   1*2 28 39 1*1 26 19 -65 -kit -29 -Ul -U3 -60 -71 23 22 1U 22 
20,000 1*2   28 19 26 27 17 12 -1*3 -29 -19 -28 -28 -Ul -U8 17 17 10 16 

DENVER TO WICHITA 379 N MI. 
5 3,000 37   28 9 21* 2 3 1 1 5 -38 -29 -9 -2U -2U -37 -UU 18 16 12 15 
1*0,000 63   i*1 32 1*1 1+3 21* 15 -66 -1+3 -33 -U3 -U5 -65 -76 29 26 22 27 
30,000 1*8   36 21* 3U 31* 17 8 -52 -38 -25 -37 -36 -56 -67 31 28 18 2 7 
20,000 33   21* 11* 22 22 10 l* -35 -25 -15 -23 -23 -37 -U5 22 20 12 19 

DES MOINES 10 LOS ANGELES 125U N. MI. 
53,000 -31*  -28 -1 1 -2 1 -22 -33 -39 32 27 10 20 22 12 8 1U 12 9 12 
1*0,000 -57  -1*1 -36 -38 -42 -57 -65 53 39 35 35 1*0 26 19 22 20 17 21 
30,000 -1*7  -37 -2 7 -51 -31+ -1*9 -57 1+3 31+ 26 29 32 18 1 1 25 22 1U 20 
20,000 -2V  -23 -17 -18 -2 1 -31 -37 27 22 16 17 20 1 1 6 17 16 10 15 

DES M01NES TO MINNtAPOLIS 202 N. MI, 
5 3,000 -3    1 0 -2 -1 -1 1 -17 - 1 -3 0 Ü -1 -1 1 -17 18 16 12 15 
1*0,000 -2    1 -i* -5 -2 -20 -30 -9 -7 -2 -2 -5 -2 3 -32 28 26 21* 50 
30,000 -2   -2 - i -5 -5 -21 -31 -8 -3 -1 -1 -3 -22 -32 32 29 21 50 
20,000 -i*   -2 0 -i* -2 -16 -23 -1 -1 -1 1 -1 -1U -21 2 5 22 1U 2 2 

DES HOINCS TO ST. LOUIS 225 N. MI. 
53,000 28   20 10 18 IB 7 1 -32 -22 -10 -19 -20 -32 -39 19 i r 12 15 
1*0,000 1*3   30 2 6 31 52 11* i* -52 -35 -29 -35 -37 -ST -68 2 9 71 2U 50 
30,000 59   2 7 21 27 27 9 -1 -1+6 -31 -22 -31 -31 -51 -62 52 29 19 50 
20,000 2H   18 13 2 1 19 6 -1 -31 -20 -lU -23 -2 1 -36 -UU 25 22 1 5 22 

DETROU TO INDIANAPOLIS 200 N. MI. 
55,000 -31*  -2) -5 -2 1 -19 -33 -1*0 31 19 5 19 18 5 -1 19 1 1 15 16 
1*0,000 -53  -35 -22 -37 -36 -5 7 -68 Ul* 30 18 5 2 31 1 1 1 2 7 2H 2U 5 0 
30,000 -50  -51 -19 -33 -32 -53 -61* 1*2 26 17 2 9 2! a -I 50 50 2 0 50 
20,000 - 3 5  - 1 9 -11* -2 1 -20 -36 -1*1* '29 16 13 18 18 5 -3 25 25 1U 2 5 

DETROiT 10 LAND 0 LAKES 5UU N. MI. 
53,000 -52  -19 -15 -22 -2 1 -32 -38 30 18 15 20 19 9 U 1 T 15 12 15 
1*0,000 -50  -33 -38 -38 -1*0 -58 -67 1*1* 29 3 5 31* 36 18 8 27 2 5 21* 2 8 
30,000 -1*8  -31* -32 -35 -3 7 -56 -67 U2 3 1 5 0 31 55 15 5 50 29 2 1 2 9 
20,000 -5li  -23 -21 -21* -25 -59 -1»? 51 21 20 22 2 5 10 2 25 22 11* 22 

DETROII TO LAS Vt&AS 1516 N. MI . 
53,000 -57  -2 8 -12 -23 -21» -55 -1* I 56 27 1 1 2 5 21* lu 10 I 5 1 1 8 1 1 
U0,000 -62  -«3 -3H -M2 -U6 -60 -68 6 0 1*1 37 UO ki 30 23 21 19 16 2 0 
30,000 -5U  -59 -29 -36 -58 -5 5 -61 51 5 7 28 51* 5 6 2 5 16 22 21 IK 2 0 
20,000 -51.  -25 -19 -23 -2k -55 -Ul 5 3 21* 18 22 2 5 1U 9 16 15 9 IU 

oeiROit TO LOS ANGELES 1715 N. Ml. 
5 5,000 -57  - 2 H -1 1 -2 3 -21* -31* -U0 35 2 8 1 1 22 25 1U 10 12 1 1 8 !0 
1*0,000 -6 1   -it 5 -5/ -i* 1 -Ul* -59 -66 58 U 1 5 5 58 U2 29 25 20 1H 16 19 
50,000 -52  -39 -28 - 51* -57 -51 -59 U9 56 ?l 5 2 55 22 16 22 2 0 1 5 19 
20,000 - 5 5  - 2 5 - 18 -2 1 -25 - 5 3 - 59 52 2 5 1 I 20 22 11 9 15 H* V 1 5 

DttHOIl to LUUISVILLL 266 N MI. 
5 5,000 -25  -IM -1 - In - 1 5 -25 -52 20 12 0 12 10 - 1 -/ 18 1 ! 12 16 
UO.OOO -in       -,'l* -10 -27 -21* -Ult -55 25 1 ' ') 20 l / -2 -12 29 28 2M 29 
50,000 -55  -2 1 -10 -2U -21 -U 1 -52 21* 15 a 18 15 -3 -12 29 SO 20 50 
20,000 -22  - 1 1 -8 -14 - 15 -27 -55 1 7 fj 7 1 t n -3 -10 25 ?i 1 5 22 

• Hfc*Oi«tNOS--CO»<I>UTtO   »OR    A      USO-KT    AIRSPELO. 
••»--Ut^OUS   ANNUAL   EijUlVALfcNl   HkAOKIWS   FOR    ISUICAtEO   PER   CENT   REL I Ah I L I T IE S. 

»IHUS    Sti^SS   OtNCIt   HEAOMtMOS. 
TNI    «OEJN&   COCPANf 

P»6t       100 IHAHSPOHt   DIVISION 
HO.        06-9 176 



tüUIVALENT HEAOWINOS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEET 

EQUIVALENT   HEAOWINOS» 

JAN 
DIRECT 

APR  JUL  OCT »»ASO  A75  A85 

I 
I 

DETROIT TO MIAMI 
53,000 3    6    1« 
■»0,000 i    U    9 
30,000 3    7    5 
20,000 2    5    0 

DETROIT TO MILWAUKEE 
53,000 -1*2  -28 -l<t 
■♦0,000 -69  -U6 -l«l 
30,000 -65  -<i3 -314 
20,000 -t(U  -29 -23 

JAN      APR 
RETURN 

JUL      OCT        A50 

STANDARD   DEVIATION 

-27 
-1*8 
-UU 
-30 

DETROIT   TO   MINNEAPOLIS 
53,000 -39      -25     -15      -26 
40,000 -62      -14)      -1*3      -U6 
30,000 -59      -1*0     -36      -1*2 
20,000 -1*0      -27     -23      -29 

DETROIT    TO   NEW   YORK 
53,000        1*1*        29 13        27 
■♦0,000 71 1*7        38        1*7 
30,000        68        UU 32        1*2 
20,000        1*6        31 22        28 

DETROIT   TO   OMAHA 

53,000 -1*2      -29     -13      -27 
1*0,000 -69      -1*6     -39      -1*7 

30,000 -63     -H2      -31      -U2 
20,000 -1*2      -28     -21      -28 

DETROIT TO   PHILADELPHIA 
53,000 Ul 28 12 25 
1*0,000        68        1*5        36        1*3 
30,000        65 1*2 30 39 
20,000        1*1*        30        21        26 

DETROIT TO   ROCHESTbR,    N.Y. 
53,000        1*3        27 12        28 
1*0,000        69        1*5        37 1*8 
30,000        66        1*0        32 1*1* 
20,000 U5        27        22        29 

DETROIT TO   ST.    LOUIS 
53,000 -1*0      -27        -8      -21* 
■♦0,000 -6I4     -1*3     -28     -i*3 
30,000 -60      -59      -23      -39 
20,000 -kO      -25      -17      -2U 

DETROIT TO   ST.    PETERSBURG 
53.000 -1* 1 1*        - I 
1*0,000 -7        -2 6        -6 
50,000 -5 0 3-1* 
20,000 -1* 1 0-3 

DETROIT TO   SAN   FRANCISCO 
53,000 -35      -26      -1U      -23 
1*0,000 -57      -39      -iiO      -U2 
30,000 -50      -36      -32      -36 
20,000 -53      -23      -20      -23 

DITROir TO   WASHINGTON,    D.C. 
53,000 3M 25 12        21 
HO,000 59 39 33 35 
50,000 56 57 25 31 
20,000 39 28 17        21 

EDMONTON   10   GRAND   PRAlKlfc 
55.000 -2V      -15      -10      -22 
1.0,000 -514      -16      -13      -28 
50.000 -57      -21       -17      -32 
20.000 -26      -15      -It      -22 

k -5 -9 
■« -10 -18 
■* -9 -15 
1 -8 -13 

-27 -DO -1*8 
-51 -70 -8! 
-■♦5 -66 -78 
-30 -U6 -51* 

-25 -37 -Ul* 
-1*8 -66 -76 
-hi -62 -73 
-29 -1*3 -51 

27 
50 
1*5 
30 

26 
1*7 
it2 
29 

27 
1*9 

UM 
29 

22 
U 1 

56 
25 

15 
30 
26 

1 7 

9 
21 
16 
10 

-26 -39 -U6 
-50 -68 -79 
-U3 -63 -7U 
-28 -U2 -51 

1U 
28 
23 
15 

1U 
29 
21* 
15 

18 
1U 

9 

19 
1U 

8 

-2U -38 -US 
-UU -6U -75 
-38 -59 -71 
-25 -UO -U9 

1 -9 -1U 
-2 -17 -25 

-1 -15 -23 
-I -11 -!7 

-21 -33 -38 
-UU -57 -6U 
-38 -51 -59 
-2U -53 -59 

10 
22 
! 7 
t 1 

5 
12 

a 

-18 -29 -3U 
-25 -59 -U7 
-26 -U5 -5U 
-18 -31 -38 

-9 
-16 
-IU 
-7 

U 1 
66 

62 
U3 

38 
59 
56 
39 

-U5 
-7U 
-70 
-U:8 

Ul 
67 

61 
UO 

-U3 
-72 
-69 
-U7 

-UU 
-71 
-69 
-U6 

58 
59 
55 
57 

3U 
5U 
U7 
31 

-57 
-66 
-62 
-u? 

2B 
55 
55 
25 

-9 
-13 
-13 
-8 

27 
UU 

Ul 
27 

2U 
39 
3 7 
25 

-30 
-U9 
-U6 
-32 

28 
UU 

UO 
26 

-29 
-U8 
-U5 
-32 

-28 
-U7 
-U3 
-28 

25 
UO 
35 
23 

-5 
-7 
-7 
-U 

25 
38 
5U 
22 

-26 
-U5 
-U 1 

-30 

15 
IS 
19 
1U 

-5 -U 
-n -6 
-6 -5 
-I -2 

IU 
UO 
33 
23 

IU 
U2 
35 
2 3 

-13 
-39 
-33 
-23 

12 
3 7 
30 
21 

-13 
-38 
-3 1 
-21 

-12. 
-38 
-31* 
-23 

7 
2 5 
21 
17 

-5 
-9 
-U 
-1 

13 
39 
5 1 
19 

■12 
■35 
-27 
■ 18 

10 
12 
15 
1 1 

27 
U6 
Ul 

28 

25 
U3 
39 
27 

-28 
-50 
-US 
-30 

26 
U5 
UO 
27 

-26 
-1*7 
-U2 
-28 

-29 
-50 
-U6 
-31 

23 
UO 
35 
22 

-1 
-1 
- 1 

0 

25 
39 
3 3 
22 

-22 
-UO 
-36 
-21» 

21 
26 
29 
2 1 

-6 
-11 
-9 
-U 

26 
U8 
U3 
29 

2U 
US 
Ul 
28 

-28 
-52 
-U7 
-31 

26 
U8 
Ul 
27 

A75 A8S JAN APR JUL  OCT 

998 N.MI. 
-IS -20 IU IU 9   IU 
-25 -33 22 22 17   22 
-22 -29 19 21 IU   21 
-13 -19 16 16 9   15 

-27 
-50 
-US 
-30 

-27 
-51 
-U6 
-31 

22 
UO 
3 5 
23 

-3 
-6 
-5 
-1 

23 
U2 
55 
23 

-23 
-U5 
-UO 
-27 

18 
?1 
?U 
1 7 

IU 
29 
2U 
IS 

IU 
28 
23 
15 

-U2 
-72 
-68 
-U7 

IU 
30 
2U 
15 

-UO 
-70 
-66 
-U6 

-Ul 
-7 1 
-68 
-U7 

10 
21 
16 
10 

-12 
-2 1 
-18 
-1 1 

15 
30 
23 
IU 

-36 
-65 
-61 
-U5 

8 
19 
IU 

8 

8 
19 
IU 
8 

-U9 
-83 
-80 
-56 

9 
21 
15 
9 

-U8 
-82 
-78 
-55 

-U9 
-83 
-80 
-56 

U 
1 1 

7 
3 

-17 
-29 

-25 
-17 

1 1 
2 5 

1 7 
10 

-UU 
-77 
-72 
-51 

3 
-5 
-5 
-I 

18 
29 
31 
2U 

17 
26 
29 
22 

18 
28 
29 
23 

17 
26 
28 
21 

18 
28 
28 
23 

18 
29 
30 
2U 

18 
28 
29 
22 

15 
25 
21 
18 

12 
19 
21 
15 

18 
28 
28 
23 

16 
22 
26 
19 

•HLADWINOS—COMPUTED   FOR    A      U50-KT    AIRSPEED. 
,.A--OkNOTtS   ANNUAL   EQUIVALENT   HEADWINDS   FOR 

MINUS    SIONS   DlNOlt   HtADWINDS. 
INDICATED   PER   CENT    RELIABILITIES. 

THE    BOEING   COMPANY 
TBANSPOHt   DIVISION 

206 N.MI. 
16   13   IS 
27 2U 29 
30 21 30 
23   IU   23 

US7 N.MI. 
15 12 IU 
2U   23   28 
28 20 28 
2 1   13   21 

UUI N.HI. 
16 12 IS 
27   23   27 
29 20 29 
22   13   22 

608 N.MI. 
15 II IU 
2U 22 2 7 
27 18 27 
20   12   20 

393 N.MI, 
16 12   15 
27 23   28 
29 20   29 
22 13   22 

256 N.MI. 
16   13   16 
28 2U   29 
30 21   30 
23 IU   23 

382 N.MI. 
16 12   15 
26   23   28 
29 19   29 
22 13   21 

860 N.MI. 
IS 10 IU 
2U   18   23 
23 15   23 
17 10   16 

1801 N.MI, 
10 8 10 
17 16 19 
19 IU 19 
IU    9    13 

352 N.MI, 
17 12   15 
28 23   28 
29 19   29 
23   15   22 

21 7 N.MI. 
IU II 13 
21 22 23 
26   23   28 
18 IS   18 

MO.  06-9 176 
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EQUIVALENT   HEADWINDS   AND   STANDAKD   DEVIATION    IN   KNOTS   FOR   GREAT   CIRCLE   AIR   ROUTES 

HEIGHT E 0 U I V A L E N T HEAD WINDS« t STANDARD DEVIA T I ON 
IN D I R E C T R £ T U R N 

FEET JAN APR JUL OCT • •A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

EDMONTON TO MINNEAPOLIS 942 N .MI. 
5i,000 29 15 12 23 19 1 1 7 -30 -16 -13 -23 -20 -29 -34 14 1 1 9 I 1 
•40,000 39 22 29 31 30 16 9 -4 1 -23 -32 -33 -32 -4 6 -54 19 18 19 22 
30,000 39 23 26 32 30 15 7 -42 -25 -28 -34 -32 -47 -55 23 22 18 24 
20,000 29 18 18 25 22 12 6 -30 -19 -19 -26 -23 -34 -40 16 15 12 16 

EDMONTON TO MONTREAL 1602 N • Ml. 
b3,000 30 17 15 23 20 13 10 -31 -17 -15 -24 -2 1 -29 -33 1 1 9 8 10 
10,000 41 25 31* 34 34 22 16 -43 -27 -36 -36 -35 -47 -53 16 15 16 18 
30,000 Ul 27 32 34 33 21 14 -44 -29 -33 -37 -35 -48 -55 19 18 15 19 
20,000 29 19 22 24 24 15 10 -31 -20 -23 -25 -25 -34 -39 14 13 10 14 

EDMONTON TO REGINA 372 N .MI . 
53,000 29 15 12 23 19 10 5 -2 9 -15 -13 -24 -19 -29 -35 16 12 10 12 
UO.OOO 36 19 23 26 26 1 1 2 -37 -20 -25 -28 -28 -43 -51 21 20 22 24 
30,000 38 21 22 32 28 1 1 2 -40 -23 -24 -34 -30 -47 -57 25 25 21 28 
20,000 2a 17 16 24 21 9 3 -29 -17 -17 -25 -22 -34 -40 18 17 14 18 

EDMONTON TO SASKATOON 260 N .MI. 
53,000 29 16 13 24 20 10 6 -29 -16 -14 -24 -20 -30 -36 16 13 11 13 
■■(0,000 35 20 23 28 26 1 1 3 -36 -21 -25 -29 -28 -4 3 -52 22 21 22 24 
30,000 39 21 23 33 28 1 1 2 -40 -23 -24 -35 -30 -48 -58 26 2 5 22 29 
20,000 27 17 16 24 21 9 3 -28 -18 -17 -25 -2 1 -34 -41 19 17 15 19 

EDMONTON TO TORONTO 1451 N. MI. 
b3,000 51 17 14 23 21 13 10 -32 -18 -15 -24 -21 -30 -34 12 10 8 10 
1(0,000 1(3 26 34 34 34 2 2 15 -45 -28 -36 -37 -36 -49 -55 17 16 16 19 
30,000 U3 27 31 54 34 20 14 -46 -29 -32 -36 -36 -49 -5f 20 19 16 20 
20,000 51 20 2 1 25 24 15 10 -32 -21 -22 -26 -25 -34 -40 15 14 1 1 14 

EDMONTON TO VANCOUVER 437 N. MI. 
53,000 -ir -tu -12 -20 -16 -25 -30 15 13 1 1 19 15 6 1 16 13 1 1 12 
UO.OOO -2 3 -18 -16 -28 -21 -37 -45 20 16 14 25 19 3 -5 23 21 2 2 2 4 
50,000 -2« -21 -20 -3 1 -25 -43 -52 24 19 18 28 22 5 -5 27 27 23 28 
20,000 -20 -15 -13 -2 1 -1 7 -30 -36 18 15 13 20 16 4 -3 20 19 15 19 

EDMONTON TO WINNIPEG 641 N. MI. 
^.OOO 2V 15 14 24 20 1 1 7 -30 -16 -14 -24 -20 -30 -35 15 i 1 10 12 
1(0,000 5? 21 2 9 50 29 15 7 -38 -22 -30 -32 -31 -45 -53 20 19 20 23 
30,000 no 23 27 52 50 14 6 -41 -24 -28 -34 -32 -48 -56 23 23 20 25 
20,000 2V IB 18 25 22 1 1 6 -30 -19 -19 -26 -23 -34 -40 17 16 1 3 1 f 

EL PASO tO FT. WORTH 477 N. MI. 
53,000 uu 56 0 19 25 8 0 -45 -36 0 -20 -25 -42 -49 1 7 15 1 1 15 
1(0,000 6H 57 13 42 44 22 11 -70 -59 -14 -43 -46 -69 -81 28 26 20 2 5 
30,000 56 M? 8 5 1 55 1 5 5 -58 -49 -9 -33 -35 -58 -69 28 2 4 15 2 3 
20,000 35 29 4 16 19 6 0 -56 -30 -5 -17 -20 -35 -44 19 1 7 10 16 

LL PASO TO HOUSTON 587 N. MI. 
53,000 k\ 5 5 -6 I 7 22 4 -5 -42 -55 5 -17 -23 -40 -47 16 15 1 1 15 
1(0,000 6 5 55 8 U 1 42 19 9 ! -66 -57 -9 -42 -44 -66 -77 26 2 4 19 21 
50,000 51 l*U 5 50 51 12 4 -54 -47 -6 -32 -33 -55 -65 25 2 3 14 21 
20,000 33 2 7 -1 15 1 7 5 -2 -54 -28 0 -15 -18 -33 -41 18 16 9 15 

EL PASO TO LOS ANGhLES 619 N. MI . 
53,000 -55 -31 -1 -19 -22 -35 -42 54 50 1 19 2 1 f 1 i r 14 1 1 14 
1(0,000 -56 -50 -20 -56 -59 -58 -69 54 ur IB 55 J7 2 0 1 1 2 6 24 19 2 5 
30,000 -1*1 -1(2 - 1 5 -2B -30 -49 -60 45 40 12 26 2 9 12 4 2 9 24 16 2 0 
20,000 -50 -25 -5 -1 3 -16 -30 -3R 28 24 4 12 15 k -1 19 1 r 10 15 

11    PASO TO MIDLAND 2 1 3 N. Ml . 
55,000 U 1 5S -2 19 23 6 -2 -42 -36 1 -19 -24 -4 1 -49 18 16 12 16 
MO,000 61 56 1U 40 U3 21 10 -67 -53 -15 -42 -44 -68 -80 30 27 21 25 
50,000 5i( U6 10 30 55 1 3 4 -56 -48 - 10 -32 -34 -57 ~6B 50 2 6 16 25 
20,000 3X 28 i lb 18 5 -1 -55 -29 -4 -15 -19 -35 -43 21 18 1 1 1 ! 

11 PASO TO PHOENIX 50 1 N. Ml. 
5 3,000 -35 -50 1 -19 -21 -36 -ui 34 29 - 1 18 20 5 -2 18 16 12 15 
•IO.OOO -57 -51 -16 -5r -59 -60 -7Z 54 4R !u 35 M 1 I ! 29 26 21 25 
50,000 -MB -hi -1 t -28 -50 -50 -62 45 39 V 26 2a 10 2 32 26 17 ? 1 
?0,000 -50 -25 -2 -I 5 -15 - 51 - 59 29 24 2 12 15 2 -4 21 18 l l \ l 

• HeftDMlNOS—-COHPUIEO   FOR   A      450-KT    &1KSPLED. 
••»--OfcHOTf5   ANNUAL    EwUlVAllNT   HEAOi*lNDS   FOR    INDICATED   PER   CENT    RtLI AbiLITIES. 

•MNUS   Sli,NS   ütNüIl    HtiDwlNOS- 

TMfc    BOEING   COMPANY 
l'*"*        ,r* IRANSPORT   DIVISION 

NO.       06-9 IT/) 



I 

I 
i 
I 
I 

I 
I 
I 

I 
I 

I 
I 
I 
I 

EQUIVALENT   HEADWINDS   AND   STANDARD   0£VIAT!ON   IN   KNOTS   FOR   GREAT   CIRCLE   AIR   ROUTES 

HEIGHT E 3  U   I   V A   L E   N   1 H E   A   D W    I N   P   S» STAC IÜARC DEVI VT I ON 
IN D   I R   E C   T R E   T   U R   N 

FtET JAN APR JUL OCT • •A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

EL   PASO   TO   SAN   ANTONIO 4 30    N.MI. 
53,000 3e 31 -6 16 20 3 -5 -1*0 -33 5 -16 -22 -38 -1»5 17 15 1 1 15 
UO.OOO 59 51 9 39 39 18 7 -63 -55 -10 -40 -U2 -6U -75 27 25 19 22 
30,000 ■'*8 1*2 6 29 29 10 2 -52 -l»l» -6 -30 -31 -53 -63 27 2U 15 22 
20,000 31 25 -! 13 16 2 -3 -32 -26 0 -11* -17 -32 -UO 19 16 10 16 

EL   PASC TO   SAN   DIEGO 551   N .MI. 
53,000 -36 -32 -1 -19 -22 -36 -1*3 35 32 0 19 21 7 0 17 15 12 14 
UO.OOO -57 -52 -19 -37 -1*0 -60 -71 55 50 18 35 39 20 11 27 24 19 23 
30,000 -1*9 -1*3 -12 -28 -31 -50 -61 1*6 U2 11 27 30 13 5 29 24 16 20 
20,000 -30 -26 -U -13 -16 -31 -39 29 25 U 12 16 U -2 19 17 10 15 

EL   PASC TO   SAN   FRANCISCO 862   N .MI . 
53,000 -33 -26 -3 -19 -20 -32 -38 32 25 2 18 19 7 1 16 13 10 13 
140,000 -52 -1*1* -21 -31» -37 -51* -6 3 1*9 )*1 18 32 3U 18 9 25 23 19 22 
30,000 -1*1* -38 -15 -27 -29 -U7 -57 1*1 36 13 25 27 1 1 U 27 23 16 20 
20,000 -28 -22 -7 -13 -16 -28 -36 26 21 6 12 15 1» -1 19 17 10 15 

EL   PASU TO   TUCSON 233   N ■ MI. 
53,000 -38 -3U I -20 -23 -38 -1*6 37 33 -1 19 22 6 -I 19 16 13 16 
1*0,000 -6 1 -55 -16 -39 -U2 -61* -76 58 53 15 37 i*0 19 9 30 2r 21 2S 
30,000 -52 -1*6 -i i -29 -32 -53 -65 1*9 i*i* 10 28 30 12 U 32 26 17 2 1 
20,000 -32 -27 -3 -13 -17 -32 -1*1 31 26 2 13 16 3 -3 21 18 10 1 7 

FAIRBANKS    TO JUNEAU 540   N ,MI . 
53,000 IV 5 2 10 8 -1 -5 -20 -5 -3 -1 1 -9 -18 -2U 16 13 9 12 
1*0,000 2 1 S 7 5 9 -i* -1 1 -2 3 -6 -8 -8 -1 1 -25 -32 20 18 19 20 
30,000 ia 2 5 I* 1 -10 -19 -20 -1* -6 -7 -9 -26 -35 25 23 23 25 
20,000 11 -1 3 *1 3 -8 -14 -12 0 ■-U -3 -U -16 -22 20 17 14 16 

FAIRBANKS    TO SAN FRANCISCO 1 862   N. MI . 
53,000 16 6 2 8 T 0 -3 -18 -7 -2 -9 -8 -16 -20 12 10 7 9 
uo.ooo 2 1 10 9 9 12 1 -5 -2i* -13 -12 -13 -15 -2 7 -33 17 IS IS 1 7 
30,000 r9 8 7 6 10 -3 -10 -23 -1 1 -9 -10 -13 -26 -33 20 19 16 19 
20,000 11 2 6 3 s -1* -9 -11* -i< -7 -5 -J -16 -2 1 16 14 11 13 

FAIRBANKS    TO SEATTLE 1328   N. MI. 
55,000 IV 6 3 ! 1 9 2 -2 -21 -7 -i*. -12 -10 -18 -23 1 3 1 1 8 10 
UO.OOO 2i* V 10 1 1 13 1 -5 -26 -1 1 -12 -15 -15 -28 -3U 17 16 16 1 8 
30,000 21 6 8 8 1 1 -3 -I 1 -21* -9 -10 -12 -II» -28 -36 21 20 19 2 1 
20,000 1? 2 6 5 6 -U -9 -14 -5 -7 -7 -r -17 -23 1 T IS 12 14 

FAIRBANKS    TO WHITEHORSfc 42?   N. MI . 
5 3,000 2 5 6 3 13 10 1 -3 -21* -7 -3 -1U -10 -21 -27 1 7 13 9 12 
HO.OOO 25 ! V 9 12 -2 -9 -21* -8 -10 -1 1 -13 -27 -3U 20 i r 19 2 0 
30,000 20 5 6 8 10 -T -16 -22 -7 -8 -1 1 -12 -28 -38 2S 2 3 2 3 2S 
20,000 12 2 5 5 5 -6 -12 -11* -3 -S -6 -6 -18 -21» 20 17 14 16 

FAYETTEVILLb TO   NEW   BERN 837   N. M I . 
53,000 51 5 6 5 25 29 1? 5 -52 -37 -s -26 -30 -U6 -5U IS 15 10 14 
1*0,000 fb S5 20 U8 uv 28 18 -78 -57 -22 -50 -51 -73 -85 2U 25 19 2 3 
30,000 bl «7 15 5 V no 20 1 1 -69 -1*9 -15 -U1 -U2 -65 -76 23 24 IS 24 
20,000 uu 52 1 1 23 26 13 7 -1*5 -33 -12 -2U -27 -U3 -51 18 18 10 17 

r-AYtrrtviLLt TO   WILMINGTON, N.C. 804   N. MI . 
5 3,000 51 56 M 25 29 12 5   | -52 -37 -U -26 -30 -U6 -SU IS IS 10 14 
1*0,000 ('S 5 5 19 M7 UV 27 17    j -77 -57 -20 -50 -51 -73 -8U 2U 2S 19 23 
30,000 6 6 H7 1U 58 1*0 19 io  ! -68 -1*9 -1U -1*0 -U2 -6U -75 25 24 15 25 
20,000 i»2 52 10 22 25 12 6    1 -1*1* -33 -1 1 -21» -26 -U2 -50 18 in 10 1/ 

FLINT    TO   NEW YORK 46 7   N. MI. 
1 5 

53,000 H2 28 1 5 26 ^6 IN 9    I -hi -29 -13 -27 -27 -UO -U7 17 16 12 
1*0,000 68 US 58 US U8 2 9 20 ; -71 -U8 -39 -U8 -51 -70 -81 28 27 2 3 2 7 
10,000 65 u? 52 un UU 2S 15 -68 -US -33 -U3 -U6 -67 -78 29 29 20 28 
20,000 uu 50 22 ?! 29 16 9    j -U6 -31 -23 -29 -3! -U6 -55 22 22 1 5 22 

FT.    LAUOEROALfc    TO NEW   YORK 930   N. MI . 
5 1.000 lb 6 - 5 a s -u -9 -20 -10 5 -9 -a -20 -26 1U IS 9 14 
UO.OOO 1 r 15 -1 11 11 - 5 -11 -29 -23 - 1 -22 -18 -35 -UU 2? 25 i t 2 2 
30,000 16 10 2 1U V - 5 -10    i -25 -16 -5 -18 - 1U -29 -37 20 21 lu 2 1 
?0,000 1 3 e 5 11 i 0 -5    1 -1/ -1 t -6 -12 -11 -21 -27    1 16 16 9 IS 

•HEAOMINOS—COWPUTEO   fOH   A      U50-KT   AIKSPfcEO. 
•Ä--OtNOttS   ANNUAL   EüUlVALtNT   HEAOwlNOS   FOR    INDICATED   PER   CENT   RELIABILITIES- 
HlNuS   SluNS   OENOTt   MeAOWlMOS. 

THE BOEING COMPANY 
TRANSPORT DIVISION 

NO. 
PAGE 

D6- 9176 
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EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT 
IN 

FEET 

EQUIVALENT HEADWINDS» 
DIRECT 

JAN  APR  JUL  OCT •*A50  A75  A85 

FT. LAUDERDALE TO WASHINGTON, 
5i,000    8    2   -•♦    ^ 
"*0,000    8    7   -5   10 
50,000    7    2-19 
20,000    ö h i ! 

FT. NELSON TO WATSON LAKE 
53,000  -30  -11   -6  -21 
UO.OOO  -28  -li  -11  -22 
30,000  -28  -16  -10  -20 
20,000  -19  -11   -8  -16 

FT. NELSON TO WHITLHORSE 
53,000  -29  -11   -6  -20 
MO,000  -29  -lb  -12  -23 
30,000  -28  -16  -11  -2 1 
20,000  -18  -11   -9  -IS 

FT. WAYNE TO NEW YORK 

D.C. 
2 
h 

U 

5 

■16 
19 

■19 
■13 

53,000 U7 30 12 29 
UO.OOO 714 49 37 149 

30,000 71 US 3 1 I4I4 

20,000 iti 31 22 30 

FT. WILLIAM 
53,000 32 
1*0,000 U7 
30,000 1*5 
20,000 32 

FT. WILLIAM 
55,000 31 
1*0,000 K/ 
50,000 1*6 
20,000 33 

FT. WILLIAM 
5 5,000 -33 
UO.OOO -146 
30,000 -1*6 
20,000     -55 

10   SAULT    STE.    MARIE 
19 IS        23 21 
30 39 38 39 
31 35        37 37 
21         21*        25           26 

TO TORONTO 
19   lU 
31 38 
32 33 
22   23 

22 
57 
35 
21* 

21 
58 
56 
2S 

TO WINNIPEG 
-18  -16  -21* 
-28  -Ul  -39 
-50  -56  -3 7 
-21  -25  -27 

FT. WORTH IÜ HOUSTON 
55,000 
»40,000 
30,000 
20,000 

I 5 

12 
9 

1 1 
16 
13 

9 

H 
1 f 

T 

8 
1 5 
10 

M 

Ft.    WORTH   TU   LITTLE   ROCK 
5 5,000         UM          514 0         2 1 
UO.OOO          7 1          5? 11         U i 
30,000         60         UU T          50 
20,000         38         28 5         If 

FT.    WORTH   TO   LOS AMGELfcS 
53,000      -UÜ      -55 -U      -21 
UO.OOO      -62       -52 -22      -UO 
50,000      -52      -UU -15     -31 
20,000      -55      -?! -«      -16 

(I.     WORTH    TO    NLH    ÜHLLANS 

53,000 
UO.OOO 
50,000 
2 0,000 

UO 
56 
U7 
50 

52 
50 
u 1 
26 

- 1 

9 

6 

18 
UO 
50 
16 

22 
39 
29 
16 

-8 
•10 
-9 
-U 

-27 
-33 
-35 
-25 

1 1 
2 1 

18 
12 

1 1 
21 
19 
12 

6 
I f 
10 

2 

-12 
-18 
-16 
-9 

■■3U 

-Ul 

-UU 

-31 

•15 -27 -33 
•19 -3U -Ul 
■19 -35 -UU 
•13 -21* -31 

28 15 9 
51 32 22 
U6 27 18 
31 18 11 

6 
12 

6 
12 
9 
5 

-22 -52 -38 
-59 -55 -6U 
-38 -55 -65 
-26 -39 -U6 

-8 
1 3 
13 
12 

0 2U 8 
U3 19 8 
53 11 2 
20 6 0 

-2U -37 -UU 
-U3 -61 -71 
-5U -52 -62 
-19 -52 -59 

JAN  APR 
RETURN 

JUL      OCT A50 A75      A85 

-13 -5 
-20 -16 
-IÖ -9 
-12 -7 

29 

27 
27 

18 

2 9 
28 
2 6 
17 

-U8 
-77 
-73 
-50 

-33 
-50 
-U9 
-5U 

•33 
-52 
-51 
-35 

52 
US 
UU 
52 

-17 
-26 
-21 
-13 

39 
59 
U9 
SI 

i* -6 
3 -15 
0 -13 

-U -9 

11 
12 
1U 
10 

10 
1U 
15 
10 

-31 
-51 
-Ufl 
-32 

-19 
-32 
-33 
-25 

-20 
-5U 
-55 
-2 5 

17 
2 7 
29 
20 

-IU 

-25 
-]9 
-12 

6 
10 

5 
1 1 

10 
8 

-12 
-38 
-32 
-22 

-15 
-Ul 
-37 
-25 

-1U 
-UO 
-35 
-2U 

16 
UO 
5 5 
25 

-3 

-8 

-7 
u 

-U2 -33 
-63 -5U 
-52 -U5 
-52 -2? 

1 
10 
-7 

1 

20 
21 
19 
15 

20 
22 
19 
1U 

-29 
-52 
-U6 
-31 

-2U 
-Ul 
-39 
-26 

-2 3 
-UO 
-38 
-25 

2U 
37 
55 
26 

-9 
-22 
-17 
-8 

•U6 -55 -1 -21 
-7U -55 -12 -UU 
-62 -U6 -7 -33 
-39 -29 -6 -18 

32 5 20 
50 2 1 39 
U2 15 50 
26 7 15 

-19 
-U2 
-32 
- 1 I 

-U 
1 1 

15 
17 
17 

12 

15 
18 
17 
12 

-29 
-53 
-U8 
-32 

-22 
-Ul 
-39 
-27 

-22 
-U 1 
-39 
-26 

21 
3 7 
36 
25 

-25 
-U6 
-55 
-2 1 

23 
Ul 
5 2 
18 

-15 
-28 
-23 
-17 

-U3 
-7U 
-69 
-U8 

-35 
-58 
-58 
-UO 

-53 
-58 
-58 
-UO 

12 
21 
18 
13 

10 
2U 
16 

8 

-23 -UO 
-U2 -6U 
-52 -5U 
-18 -3U 

-21 
-3 7 
-30 
-23 

-51 
-85 
-82 
-57 

-39 
-68 

-69 
-U8 

-39 
-68 
-68 
-U7 

r 
12 

9 

6 

■10 -21 -28 
19 -37 -U7 

■15 -31 -Ul 
-6 -19 -27 

-U5 -5 1 
-70 -85 
-60 -72 
-38 -U7 

5 
16 

9 
3 

-U7 
-75 
-6U 
-Ul 

STANDARD   DEVIATION 

JAN      APR      JUL      ÜCT 

15 
23 
20 

1 7 

17 
21 
23 
19 

16 
20 
23 
19 

17 
27 
28 
22 

17 
26 
30 
22 

16 
2 5 
29 
22 

16 
25 
27 
20 

18 
2 9 

27 
20 

18 
2 9 

2 8 
21 

15 
2U 
25 
1 7 

1 f 
27 
25 

I 9 

• HfcAOMlHO!»—COHPUTtO   FOR   A      UbO-K T   AIHSPtEO. 
• >A—OCtOItS   ANNUAL   EUUWALtNt   MtAOwlNüS   FOR    INDICATED   PFR   CENT   HEL 1 *B 1L I I I E S. 

>«!Nl.'S    ^1>.NS    JtSUU    MtAO«l»*OS. 
THf    BOt IHi,   COMPANY 

P4,.        m TRANSPORT    DIVISION 

15 
2U 
22 
16 

1U 
20 
2U 
17 

1U 
19 
23 
16 

783   N-MI. 
10 15 
17 23 
11» 21 

9 IS 

205   N.MI. 
10 13 
20 21 
22 2U 
IU 16 

393   N. 
9 

19 
22 
IU 

IU 
2U 
29 
21 

IU 

2U 
2 8 
21 

13 
22 
27 
19 

1 ! 
2 7 
26 
18 

MI. 
12 
21 
2U 

16 

519   N.MI. 
16 12 15 
26        23        27 
28 19 28 
22 13        21 

227   N.MI. 
12 15 
23        28 
22 29 
15        21 

U92   N. 
12 
2 2 
21 
IU 

MI. 
IU 
2 7 
28 
21 

322   N.MI. 
I 1 IU 
22 28 
22 28 
IU        20 

212   N.MI. 
II 16 
21 2 5 
15 25 
10 17 

266   N.MI. 
17 12 16 
28        21 25 
2 7 16 2 7 
19 II 19 

1070   N. 
13 10 
22 17 
2 1 IU 
15 9 

MI. 
12 
20 
19 
lu 

16 
2 6 
25 
18 

387   N.MI. 

11 15 
20 22 
15 2U 
10 1 7 

FREOfctUCtON TO   MONTREAL                                                                                                                                                                                                    503   N, 
55,000      -u1 -2U      -16      -50 -27 -39 -U6           UO 25 15 29 26 IU 9 18 16          15 
UO.OOO      -67 -U5      -U5      -5U -51 -72 -85           65 Ul U2 52 U9 30 20 50 27         26 
50,000      -65 -i»2      -U2      -U9 -UH -69 -81 :       60 59 UO U6 U6 25 15 56 5?         2U 
20,000      -U2 -28      -2f      -5u -52 -Uf -55 '      ul 26 26 52 51 16 9 I      2U 25 15 

Ml. 

15 

50 
'/ 5 

10.       D6-Vlf5 



tüUlVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

| 

| 

I 

I 
I 
I 
I 

I 

HL1GHT E   0 U    I   V   A   L E   N    T H E   A   0 W   I N   D   S« t STANDARD DEVI/ kTION 
IN D   1 R   E   C T R E   T   U R   N 

FEET JAN APR JUL OCT   ••A50 A75 A85 JAN APR JUL OCT A50 A75 ABS JAN APR JUL OCT 

FREDERICTON TO   QUEBEC 209   fi .MI . 
5.^,000 -36 -22 -16 -27 -25 -37 -U5 35 22 16 26 2U 13 7 19 16 13 16 
1*0,000 -59 -39 -U2 -50 -U7 -67 -78 56 37 UO U7 U5 25 15 30 27 26 30 
30,000 -55 -39 -l») -U5 -US -66 -77 51 56 59 Ul U2 21 10 36 33 2U 31 
20,000 -37 -25 -27 -31 -29 -US -53 35 2U 26 29 28 IU 6 2S 2U 16 23 

GANDER TO   MONTREAL 8U6   N .MI. 
bi.OOO -37 -2 1 -16 -30 -25 -56 -U5 36 20 15 29 2U 1U 9 17 13 11 IU 
"♦0,000 -60 -37 -i»3 -55 -U8 -66 -75 57 35 Ul 55 U6 29 20 25 23 22 25 
30,000 -56 -37 -UO -50 -U5 -63 -7U 55 5U 58 U8 U5 25 16 29 27 21 26 
20,000 -39 -23 -26 -53 -30 -U3 -50 57 22 25 52 28 16 9 21 20 IU 20 

GRAND   JUNCTION   TO LAS VEGAS 363   N .MI . 
53,000 -29 -25 -1 1 -18 -20 -31 -38 27 2U 1 1 17 19 9 3 18 15 1 1 15 
1*0,000 -l+l» -37 -36 -31» -38 -55 -65 UO 5U 55 52 35 17 8 29 26 22 27 
30,000 -39 -33 -27 -27 -30 -U9 -59 5U 50 2 6 2U 28 1 1 2 32 29 19 25 
20,000 -21» -20 -17 -15 -18 -31 -38 22 19 16 1U 17 6 -1 22 20 12 18 

GRAND   RAPIDS TO   LAND   0 LAKES 2U7   N .MI . 
53,000 -28 -16 -12 -19 -18 -29 -35 26 15 1 1 18 17 6 1 18 15 12 15 
40,000 -i*2 -28 -35 -51* -35 -53 -63 35 2U 31 50 30 12 2 27 26 2U 29 
30,000 -i*l -30 -29 -31 -32 -52 -62 55 26 27 27 28 9 -1 31 50 22 50 
20,000 -30 -20 -19 -21 -22 -36 -UU 26 18 17 19 20 6 -1 23 22 IU 22 

GREAT   FALLS    TO   SALT   LAKE   CITY U05   N MI . 
51,000 3 -2 -7 1 -2 -1 I -16 -6 1 6 -5 0 -10 -15 17 IU 1 1 IU 
40,000 i -3 -13 -i* -5 -22 -31 -9 -1 9 -1 0 -18 -27 26 2U 25 27 
30,000 1 -3 -1 1 1 -3 -2 1 -31 -8 -1 7 -6 -1 -20 -30 50 28 21 28 
20,000 5 0 -6 1 -1 -15 -19 -8 -2 5 -5 -1 -IU -22 21 19 IU 19 

GRtAT   FALLS    TO   SPOKANE 25U   N. M I . 
53,000 -29 -18 -15 -25 -2 1 -51 -37 28 18 Ib 2U 20 1 1 6 17 IU 1 I 15 
1*0,000 -1* 1 -28 -3! -36 -31» -51 -61 39 26 2 9 5U 32 15 6 25 2U 25 2 8 
30,000 -1*3 -28 -30 -38 -3U -55 -6U UO 26 28 55 32 15 3 30 29 25 50 
20,000 -29 -19 -19 -26 -23 -56 -UU 28 18 19 25 22 9 2 21 20 15 20 

GRLENSUORO    FC LOUISVILLE 305   N. MI . 
53,000 -1*7 -32 -a -21* -27 -U5 -51 U5 51 8. 2 5 26 12 5 18 17 12 16 
UO,000 -73 -52 -27 -1*5 -U8 -70 -82 68 U8 26 U 1 U5 2U IU 28 28 22 28 
30,000 -66 -1*6 -20 -38 -UO -65 -75 62 U5 19 55 58 18 9 26 28 18 29 
20,000 -1*2 -31 - 11* -21» -26 -U2 -5! uO 50 13 22 25 1 1 5 22 21 12 21 

GREENSBORO   TO NEW YORK 397   N. MI. 
55,000 ib 22 2 22 20 6 0 -U 1 -2U -5 -2U -22 -3 7 -U5 ie 17 12 16 
UO.OOO 52 57 1 7 i* 1 56 16 6 -60 -U2 -20 -U5 -Ul -62 -7U 28 28 2 5 28 
30,000 1*9 5 5 1/ 56 52 1U 5 -56 -58 -19 -39 -36 -57 -69 27 29 18 2 8 
20,000 57 22 13 23 22 9 3 -UO -2U -1U -25 -2U -UO -U9 2 2 22 12 2 1 

GRfcENSHORO   TO PITtSBURGH 265   N. MI . 
5 1.000 0 ~i -6 1 -2 -1 5 - 19 -7 0 5 -5 -1 -12 -18 18 18 12 16 
1*0,000 -12 -7 -10 3 -7 -25 -35 -U -2 I -10 -2 -2 1 -5 1 28 29 2 3 28 
30,000 -10 -6 -1» 2 -U -2 1 -51 -5 -1 1 -9 -5 -20 -50 26 29 18 2 9 
20,000 - 5 -! -1 2 -2 -15 -23 -U u 0 -5 -1 -IU -22 22 22 13 22 

GRtENSBORO   TO WASHINGTON,    D.C , 
216   N. MI . 

5-(,000 '.h 20 0 19 17 5 -3 -58 -23 0 -20 -19 -55 -U5 18 18 12 1 7 
1*0,000 US 5? 11 17 50 10 0 -55 -58 -1U -Ul -56 -58 -70 29 29 25 29 
50,000 i»2 29 12 5? 27 9 0 -50 -5U -1U -36 -52 -53 -6U 27 29 IB 29 
20,000 55 18 10 20 19 6 -1 -56 -21 -11 -22 -21 -56 -U6 2? 2 2 12 21 

GREENVILLt    TO RICHMOND 291   N. 
12 

Ml. 
1 6 

53,000 U". 29 1 22 25 7 0 -U6 -51 -1 -25 -25 -U2 -50 17 IB 
10,000 63 US IM US Ul 19 8    ; -68 -U9 -16 -U8 -U5 -68 -80 27 29 22 28 

28 
2 0 

50,000 5? uo 1 5 58 35 15 <>    ; -62 -U3 -1U -UO -58 -61 -75 25 28 j j 
20,000 u 1 27 1 1 2 5 25 10 U    i -UU -29 -12 -2U -25 -U2 -51 21 21 12 

GOOSt   öäY   IC MONTREAL 
700   N. 

12 
MI. 

IU 
25 
27 
20 

55,000 -51 -15 -1? -25 -20 -31 -37 2 9 1U 1 1 2U 19 9 U 16 1 5 
U0,000 -UH -25 -29 -i»i* -36 -53 -65 UU 22 26 u 1 35 16 7 25 22 22 
50.000 -Ub -26 -28 -UO -5U -55 -63 uo 2 2 ?U iT 51 1 5 5 28 28 2? 
20,000 -30 -15 -18 -25 -2 1 -35 -U2 28 1U i r 25 20 7 0 21 20 IU 

•Hfc*üwINOS--C0MPUTED FOR A  USO-KT AIRSPEED. 
• •* — OfcNOUS ANNUAL EÜU1VALENT HEADWINDS FOR 

MINDS SIGNS DENOTE HIAOwlNDS. 
INDICATED PER CENT REl I Ab ILIT11S. 

THE BOEINO COMPANY 
TRANSPOMT DIVISION 

NO.  06-9 W6 
PAGf      |11 



tgUIVALEiNT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E 0 U I V A L E N T H E A D W I N D S» STANDARD DEVIA TIUN 
IN D I R E C T R E T U < N 

FEET JAN APR JUL ocr   «»ASO A75 A85 JAN APR JUL OCT A50 A75 Aa5 JAN APR JUL OCT 

HALIFAX TO MONTREAL U5M N .MI. 
5:5,000 -UO -2M -16 -29 -26 -39 -46 39 2U 15 29 26 15 9 18 15 12 15 
1+0,000 -66 -MU -MM -5U -52 -71 -82 63 U2 U2 52 U9 30 20 29 26 25 28 
30,000 -63 -U3 -U2 -MB -M8 -69 -81 59 UO Ul U6 U6 26 16 35 3 1 23 2 9 

20,000 -U2 -29 -27 -33 -32 -U7 -55 UO 27 26 32 31 i r 9 2U 2 3 15 22 

HARTFORD TO LOS ANGELES 2191 N .MI. 

55,000 -39 -29 -1 1 -2U -26 -36 -Ul 38 28 1 1 2U 25 15 1 1 1 1 10 7 9 
40,000 -65 -U5 -37 -UM -M6 -60 -68 62 U3 35 Ul UU 32 26 18 16 IU 1 7 

30,000 -5/ -Ul -29 -37 -39 -53 -62 5M 59 2 8 35 57 25 20 19 18 12 17 
20,000 -i7 -27 -19 -2M -25 -35 -Ul 36 25 18 22 2U 16 12 IU 13 a 12 

HARTFORD TO PITTSBURGH 350 N MI. 
55,000 -UH -30 -1 1 -30 -29 -U3 -51 U7 29 1 1 29 28 1U 8 18 1 7 12 15 
UO.OOO -7b -50 -37 -53 -53 -7U -85 72 U8 35 51 51 31 20 29 28 2U 2 8 

30,000 -72 -M7 -33 -M7 -U8 -70 -82 69 UU 31 U5 U6 26 16 30 30 20 2 9 
20,000 -U9 -32 -22 -32 -32 -U8 -58 U8 30 22 30 31 17 10 23 23 15 22 

HARTFORD TO WASHINGTON, D.C. 265 N. MI. 
53,000 -Ul -23 -6 -26 -23 -38 •-U6 58 21 6 25 21 8 2 19 17 12 16 
U0,000 -61 -Ul -27 -U? -M3 -65 -76 5U 37 2U U3 3 9 18 8 30 29 25 2 9 
30,000 -59 -39 -25 -Ml -39 -61 -73 51 3U 23 37 35 16 6 31 31 20 30 
20,000 -U2 -25 -17 -2 7 -26 -U2 -51 39 22 16 26 2U 10 3 2U 2 5 15 22 

HONOLULU TO LOS ANGELES 2218 N. Ml . 
5 3,000 19 2 1 r 13 IM 7 3 -2 1 -22 -8 -13 -15 -2U -29 12 1 1 8 10 
HO,000 3 3 3 1 23 25 28 ia 13 -36 -3M -2M -26 -29 -MO -U6 17 15 12 IU 
30,000 2 5 2 3 15 1 I 19 11 6 -27 -2U -15 -18 -20 -30 -55 16 IU 10 12 
20,000 1 3 10 u 6 8 2 -1 -1U -1 1 -5 -7 -8 -15 -19 12 10 7 8 

HONOLULU 10 NEW YORK U323 N. MI . 
53,000 26 22 12 18 19 1 3 10 -28 -23 -12 -19 -20 -27 -31 9 8 6 / 
UO.OOO U5 3M 30 33 35 27 22 -U8 -36 -32 -35 -37 -M6 -51 1 3 12 10 12 
30,000 38 2 9 23 27 28 20 16 -Ul -31 -23 -29 -30 -39 -U5 13 12 9 12 
20,000 2U 18 12 16 17 1 1 8 -26 -19 -13 -1 7 -18 -2U -28 10 9 6 8 

HONOLULU TO PORTLAND, ORE. 226U N. MI. 
53,000 I 1 15 1 1 12 12 5 1 -13 -16 -1 I -13 -13 -20 -2U 12 1 1 8 10 
UO.OOO 2? 23 18 2 3 22 12 7 -32 -26 -19 -26 -25 -36 -M2 17 15 13 15 
50,000 22 2 0 13 Id 18 8 i -26 -23 -IU -21 -20 -31 -37 18 IS 1 1 15 
20,000 IM 1 3 u 1 1 10 3 -' -16 -1U -5 -12 -1 1 -19 -23 1 3 1 1 8 10 

HONOLULU TO SAN FRANC 1' CO 2083 N. Ml . 
53,000 16 19 9 12 IM f 3 -18 -20 -10 -15 -15 -2 3 -27 1 3 1 1 8 10 
UO.OOO Jl 2H 22 2 M 2 6 16 10 -3U -31 -25 -26 -28 -59 -U5 18 16 1 3 15 
50,000 2M ? 1 Hi 1 ! 18 9 t -26 -2 5 -15 -18 -20 -50 -36 1 7 15 10 1 3 
20,000 13 10 M Ö 8 2 -2 -1U -1 1 -u -8 -9 -16 -20 12 10 r 9 

HONOLULU ro SEATTLE 2329 N. Ml . 
53,000 10 IM 1 1 12 I 1 5 1 -12 -15 -11 -13 -13 -20 -23 12 10 8 10 
MO,000 26 22 i r 2 3 2 1 1 I 6 -51 -25 -18 -26 -25 -35 -Ml 17 15 1 3 15 
30,000 21 20 i? 19 18 8 3 -26 -23 -!U -21 -20 -31 -57 18 15 1 1 IS 
20,000 IM 1 ä u 12 10 3 - 1 - 16 -1U -5 -15 -12 -19 -2U 1 5 1 1 4 10 

HONOLULU TO VANCOUVER 235U N. Ml. 
53,000 H 1 ', 10 l l 11 U 0 -1 1 -1U -1 1 -12 -12 -19 -2 3 12 10 8 10 
MO,000 2U 20 15 22 20 10 5 -29 -2U -1 7 -25 -2U -3M -UO 17 15 1 3 IS 
50,000 20 19 1 1 1 * 17 I 2 -25 -22 -1 3 -22 -20 -30 -56 18 16 1 1 15 
20,000 lu 1 3 M 12 10 3 - 1 -16 -15 -5 - 1 5 - 12 -20 -2U 1 3 1 1 8 1 1 

HOUSTON 10 LAS VtGAS 072   N. Ml . 
55,000 -So -30 0 -19 -22 -35 -U2 56 29 - 1 18 2 1 6 0 IM I 3 9 1 3 
UO.OOO -5V -SO -17 -59 -Ul -59 -69 55 u7 16 37 59 21 12 2 5 22 1 7 2 0 
50,000 -UV -U2 -12 -31 -32 -50 -60 U5 3 1 1 1 2 9 29 1 M 7 2U 2 1 1 '. 17 
2 0,000 - SI -25 -M -IS - 1 T -31 - 58 29 2U 3 IM 16 5 0 17 15 9 IM 

HOUSTON 10 LOS ANGLLtS 205 N . MI . 

5 3,000 - 5v -32 1 -18 -23 -36 -MS 37 31 -2 18 22 7 -1 IU 12 9 12 
UO.OOO -61 -53 -16 -39 -U2 -60 -70 58 50 15 38 MO 22 1 3 22 20 16 19 
30.000 -51 -UM -10 -30 -32 -50 -60 U8 U2 9 2H 30 ID ! 23 20 1 '. 1H 
20t000 -J2 -26 -3 -IM -i r - 31 - 5? 1  50 25 5 1 J 16 5 0 16 lu 8 i 5 

•HtADMlNDS—COMPUTED FOR A  U50-KT AlxSPttU. 
••A--»tMOIlS ANNUAL EJUIVALtNT HLADWINOS FOH  INDICATED PER 

MtHuS SU,NS Oi'^OTt HEADWINDS. 

f>« ,t I 12 

.ENT   HLL1AblLITILS. 

tHfc    notIN&   COMPAKV 
THAMiPOXT   DIVISION 

N ). 06-9 176 



EQUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 
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HfclGHT E   Q U   I    V A   L E   N    T H   E A   D W   I   N 0   S» STANDARD DtVIA TION 
IN D   I R e C   T R   E T   U R   N 

FEET JAN APR JUL OCT • •A50 A75 A85 JAN APR JUL OCT ASO A75 A85 JAN APR JUL OCT 

HOUSTON   TO   MIAMI 828   N .MI. 
5i,000 40 33 -6 15 22 2 -6 -4 1 -34 6 -16 -23 -39 -46 14 14 9 U 
UO.OOO 57 55 1 34 59 IS 3 -60 -57 -2 -36 -41 -61 -71 2! 21 16 19 
30,000 46 42 2 26 29 10 2 -48 -43 -2 -27 -31 -48 -57 18 18 12 18 
20,000 27 24 -2 1 1 14 2 -3 -28 -25 2 -12 -15 -2 8 -34 14 14 8 12 

HOUSTOf* TO   NASHVILLE 581   N .MI. 
Si,000 3a 28 -4 16 19 3 -4 -41 -30 4 -18 -21 -37 -45 16 16 10 15 
40,000 61 42 4 34 35 13 2 -67 -48 -5 -38 -39 -62 -74 26 26 19 22 
30,000 52 35 3 26 27 7 -! -57 -39 -4 -29 -30 -53 -64 25 24 IS 25 
20,000 34 23 0 14 16 2 -3 -36 -25 0 -16 -17 -34 -42 19 18 10 17 

HOUSTON TO   NEW   ORLEANS 262   N .MI. 
5.5,000 40 37 -8 18 25 2 -7 -49 -38 8 -19 -26 -45 -52 17 16 1 1 16 
40,000 71 61 2 43 46 19 5 -73 -63 -3 -45 -47 -72 -83 27 26 20 22 

30,000 59 48 2 32 34 1 1 2 -60 -49 -3 -33 -36 -59 -70 25 24 15 23 

20,000 36 29 -3 16 18 2 -4 -37 -30 3 -16 -19 -36 -44 18 17 10 16 

HOUSTOf* TO   NE*s   YORK 238   N ,MI. 
53,000 44 29 0 22 24 8 1 -46 -31 -i -23 -26 -40 -47 14 13 9 12 
40,000 66 46 13 42 42 22 12 -71 -50 -15 -45 -45 -65 -76 21 22 17 20 
50,000 59 40 12 34 35 17 9 -63 -4 3 -13 -37 -38 -58 -68 21 21 13 21 
20,000 40 26 8 2 1 22 10 5 -42 -28 -8 -22 -23 -38 -46 16 16 9 15 

HOUSTOIS TO sr .    LOUIS 597   N. MI. 
55,000 20 15 -4 9 9 -2 -8 -25 -18 3 -10 -1 1 -25 -52 17 15 10 15 
40,000 3 5 22 0 16 17 -1 -9 -46 -30 -2 -22 -24 -44 -55 26 25 20 25 
30,000 50 18 0 12 13 -3 -1 1 -39 -24 -1 -16 -18 -38 -49 26 25 15 25 
2 0,000 19 12 0 f 8 -3 -9 -2 3 -15 0 -8 -10 -2 3 -31 19 18 10 17 

HOUSTON TO   SAN   FRANCISCO 1X31   N. MI. 
53,000 -37 -29 -2 -19 -22 -34 -40 35 28 1   , 18 21 8 2 13 1 1 9 1 1 
40,000 -57. -47 -20 -38 -40 -56 -65 53 44 18 36 37 22 14 21 19 16 18 
30,000 -48 -40 -14 -50' -31 -48 -57 44 38 13 28 29 15 8 22 20 15 18 
20,000 -30 -24 -6 -15 -17 -30 -36 28 25 6 14 16 6 2 16 14 8 13 

HOUSTON TO    TULSA 394   N. MI. 
55,000 -5 - 1 -4 -3 - 3 -13 -18 -3 -3 4 1 0 -10 -16 17 16 11 15 
40,000 0 -4 -7 -r -5 -2 1 -30 -14 -6 5 1 -3 -20 -30 28 21 20 24 
30,000 1 -5 -6 -7 ~4 -19 -27 -1 1 -4 5 3 -1 -17 -26 27 25 15 25 
20,000 - 1 -3 2 - 5 -1 -12 -18 -4 0 -5 2 -1 -12 -18 20 18 10 18 

HOUSTON TO   WASHINGTON, D.C. 1056   N. Ml. 
53,000 44 51 - 1 2 1 24 ? o -46 -32 1 -22 -25 -4 1 -48 14 14 9 13 
40,000 Of 48 10 42 42 21 10 -71 -51 -12 -45 -45 -66 -77 22 23 17 2 1 
50,000 5 9 4 0 9 3 5 54 15 7 -62 -43 -10 -36 -37 -58 -68 21 2 2 14 22 
20,000 59 2 6 6 20 21 8 3 -4 1 -28 -6 -21 -22 -38 -45 1 7 16 9 16 

HUNTING TON   TO WASHINGTON,    D C. 260   N. MI. 
55,000 50 55 8 2 8 29 14 7 -51 -34 -8 -29 -29 -46 -54 18 I T 12 16 
40,000 f? 5/ 29 50 51 50 19 -79 -54 -31 -52 -53 -76 -89 29 2 9 25 2 9 
30,000 J 1 4? 25 44 45 24 15 -73 -49 -26 -46 -47 -70 -83 ?r 30 19 29 
20,000 4 9 52 In 2 8 50 15 ' -50 -35 -18 -30 -31 -48 -58 25 25 15 22 

HUNTSV1 LLt    TO LEXINGTON 223   N. MI. 
53,000 20 14 -5 1 1 10 -2 -8 -26 -17 2 -13 -12 -26 -34 18 18 12 16 
40,000 55 20 2 22 18 -1 - 1 1 -45 -28 -5 -28 -25 -47 -58 28 29 23 28 
50,000 29 18 5 Iri 16 -2 - 1 1 -40 -24 -5 -23 -21 -4 1 -54 27 29 18 2 9 
20,000 23 12 4 1 1 1 1 -1 -8 -2f -15 -5 -13 -13 -28 -37 22 21 12 2 1 

HUNTSVllLt   TO LOUISVILLE 214   N. MI. 
53,000 ö '. -U 5 3 -a -14 - 14 -9 4 -7 -5 -18 -24 18 18 12 16 
40,000 lu 6 -ii •> 6 -i? -22 -28 -15 1 -16 -14 -34 -45 29 29 25 28 
50,000 i  5 6 - ! 8 5 -12 -21 -25 -13 0 -13 -11 -31 -41 28 29 18 50 
20,000 12 u 1 "> 5 -8 - 14 -1 t -T -2 -7 -? -2 1 -29 22 22 1? 2 l 

HUNTSVlLLfc    TO WASHINGTON,    0 .C. 522   N. MI. 
s5,noo 46 50 i 2M 25 9 2 -48 -32 -5 -25 -26 -42 -50 17 16 1 1 I 5 
40,000 68 D ! 11 1*6 Uli 22 12 -72 -51 - 19 -49 -47 -70 -82 26 zr 21 2 6 
50,000 61 ul 15 5-v 58 18 9 -65 -l»4 -16 -41 -40 -63 -75 25 2f i r / 1 
20,000 4 J 28 t? 2« 25 ) 1 5 -45 -29 -U -25 -26 -43 -51 20 20 11 IV 

•HfAOMIMOS—COMPultO   FOR    A      450-KT   AIRSPEED. 
• •&--litNOItS   ANNUAL   EvUlVALfcHI   HCAOWlNOS   FOR    INOKAIfcO   PfcH   CENT   Htl I AB I L I t 1 fc S. 

"INUS   SIGNS   OtNOTl   HtADrflNOS. 
THt    »OE It«,   COMPANY 
TKANSPOHt   Division 

NO.      U6-9 176 
PAGE I I 4 



tOuWALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HEIGHT E 0 U I V A L h N T H E A D W I N 0 S« STANDARD DEVIA noN 
IN D I R E C T R E T U R N 

FEET JAN APR JUL OCT • •A50 A7S A85 JAN APR JUL OCT A50 A75 Aas JAN APR JUL OCT 

INDIANAPOLIS TO MEMPHIS 33 1 N, MI. 

Si,OOO -30 -20 0 -16 -15 -29 -36 25 17 -1 14 1 5 1 -5 18 17 12 15 

UO.OOO -SI -32 -9 -il -30 -51 -62 41 25 I 25 2 5 4 -6 28 28 22 2 7 

iO.OOO -1*6 -28 -7 -25 -24 -1*6 -58 3 7 22 6 21 20 2 -7 29 28 18 29 

20,000 -50 -18 -7 -U -16 -30 -39 26 15 r 12 15 1 -6 22 2 1 12 2 1 

INDIANAPOLIS TO NASHVILLE 217 N. MI. 

Si,000 -9 -S i* -i* -i -11* -21 i 1 -5 2 0 -10 -16 19 1 7 12 16 

40,000 -18 -9 5 -1 1 -8 -28 -38 5 1 -6 4 0 -18 -28 2 9 28 25 29 

50,000 -16 -8 1 -9 -7 -26 -36 5 1 -5 3 0 -17 -26 29 2 9 19 50 

20,000 -10 -5 -1 -1* -1* -i r -25 4 0 0 1 1 -1 1 -19 2i 22 15 22 

INDIANAPOLIS TO NEW YORK 575 N. MI . 

bi,000 U8 il 1 1 29 29 15 9 -49 -i2 -1 1 -iO -29 -4 4 -52 17 16 1 1 IS 

HO,000 .■6 SO 55 SO SI 32 2i -78 -52 -i7 -52 -54 -74 -86 27 26 22 2 7 

30.000 I  1 1*6 30 !*S 1*6 27 18 -74 -48 -31 -47 -48 -69 -82 27 28 18 2 8 

20,000 1*9 5 1 21 iO 5 1 18 1 1 -51 -32 -22 -il -52 -48 -57 21 21 12 2 1 

INDIANAPOLIS TO PITTSBURGH 282 N. MI. 

Si,000 Uti 31 10 29 28 U 8 -49 -32 -1 1 -29 -29 -44 -52 18 1 7 12 16 

140,000 rb 1*9 iU 1*9 SI 5 0 20 -77 -51 -35 -52 -53 -75 -86 29 28 24 29 

iO.OOO 10 US 28 Hi* l»S 25 15 -72 -47 -29 -46 -47 -69 -82 29 50 19 50 

20,000 i*rt ,50 20 2 9 50 16 9 -50 -51 -21 -3 1 -3' -48 -58 2 5 2 5 15 22 

JACKSONVILLE TO MIAMI 286 N. Ml . 

S5,000 8 12 1 1* 6 -I* -9 -15 -15 - 1 -6 -b -20 -26 16 17 10 18 

1*0,000 10 10 6 7 8 -7 -IS - 19 -19 -7 -1 1 -13 -29 -38 24 25 18 24 

iO.OOO ti IS h S 8 -5 -1 1 -14 -20 -5 -8 -1 1 -24 -32 20 21 14 20 

20,000 1 1 -5 0 2 -7 -12 -9 -9 2 -1 -5 -Ii -20 1 7 16 9 14 

JACKSONVILLE TO NEW ORLEANS 44 7 N. MI . 

Si,0 00 -SO -58 S -2 1 -28 -1*6 -54 50 57 -6 20 27 4 -5 16 16 10 16 

1*0,000 -/1 -62 -1* -l*i* -1*7 -7 1 -82 69 60 5 45 4 5 19 6 25 25 19 2 2 

50,000 -sv -1*8 -I» -ii* -36 -58 -68 58 46 4 5 5 iS 15 i 22 25 IS 22 

20,000 -37 -30 -2 -18 -20 -56 -44 36 29 2 1 J 19 6 0 1 7 1 7 9 16 

JACKSONVILLE TO NEW YORK 722 N MI. 

Si, 000 2 0 IS -2 li* 12 1 -5 -il -18 2 -16 -15 -29 -36 15 16 10 IS 

1*0,000 51» 2 6 5 29 2 3 S -4 -45 -ii -! -54 -29 -48 -58 24 25 19 2 4 

iO.OOO SI 2 1 ! 24 20 s -3 -40 -27 -8 -28 -25 -42 -52 2i 25 IS 24 

2 0,000 2S IS J 16 IS 1* -2 -29 -18 -a -18 -17 -50 -38 19 18 10 ! 7 

JACKSONVILLE 10 PITTSBURGH 608 N. MI . 

Si,000 S 1 "S i 1 -9 -14 -12 -5 u -5 -4 -IS -21 16 16 I 1 IS 
1*0,000 2 2 -6 8 1 -15 -25 -1 7 -1 1 4 -15 -9 -2/ -36 25 2 6 2 0 25 
50,000 i 0 -1 7 2 -12 -20 -15 -a 0 -15 -a -24 -52 22 2S 16 2 5 

20,000 6 0 1 S i -8 -14 -12 -4 -2 -8 -6 -1 7 -24 19 19 10 1 8 

JACKSONVILLE TO WASHINl .TON, D.C. 554 N. MI. 

5i,000 20 1 1 -1* 10 a -i -8 -25 -15 5 -12 -1 1 -25 -52 16 16 1 1 16 

U0,O0ü 2S IV 0 25 16 -1 - 10 -i7 -28 -2 -28 -23 -42 -55 25 2 6 2 0 25 
50,000 2 3 IS i 19 1U -1 -9 -32 -21 -4 -25 -19 -i! -46 22 25 16 2S 

20,000 20 11 S 1? 11 0 -5 -24 -14 -S -14 -13 -26 -54 19 19 10 18 

J&CKS0NV1LIt tO WE SI PALM S fc A C H 238 N MI. 

Si,000 1 i 16 1 6 a - 5 -8 -1 7 -19 -1 -8 -10 -22 -50 16 1 7 10 18 

1*0,000 1ft 16 ! 10 11 -i* -12 -25 -24 -7 -14 -1 1 -54 -45 25 26 18 2S 

50,000 1 i 19 1* 8 10 -2 -9 -19 -23 -S -1 ! - Mi -28 -36 20 22 IS 2 1 

2 0,000 10 9 -2 2 i -6 -1 1 -12 -1 1 2 -2 -5 -16 -22 1 7 1 t 9 i4 

JUNhAU 10 St Ä TTL E 7B8 N .MI . 

Si,000 20 H u 1 1 10 1 -i -21 -9 -S -12 -1 1 -20 -25 IS 1 5 10 1 1 

MO.OOO 2S 1 1 12 16 16 1 -6 -28 - 14 - 14 -19 -19 -ii -41 2 1 20 20 22 

io.nno 23 9 1 ! 10 1 i -3 -12 -26 -12 -1 i -IS - 1 7 -ii -4 5 25 25 22 25 

20,000 1 i 4 8 r 8 -U -10 - 16 -5 - } -10 -10 -22 -28 20 18 IS 16 

KANSAS cm TO LOS &NG ties 1 IRS N .Ml. 
Si,000 -io -10 -9 -22 -24 - 55 -41 iS 29 9 2 1 2  5 12 ,' 14 12 9 12 

UO.OOü -t»5 -ii -59 -Ui -59 -68 S7 u '. 32 i? u I 27 19 25 2 i 1 ! 2 1 

iO.OOO -so -HO -2i< - 52 - iS -S! -60 47 w 23 30 ii 19 12 25 22 ID 20 

20.DOC -il -2S -IS -18 -21 -ii -i9 50 24 IS 1 ! 20 1 1 6 i r 16 9 IS 

• HI All» INDS--COMPUTED FOR A  4S0-KI AIRSPEED. 
.•&--.U VOU "- ANNUAL L-ulVAltNI HEAU-INOS FOR INDICATED PER CENT RELIABILITIES. 

«IV,,, ■,»=.•,, .ü.NCIE HCAOnlHOS. 
THfc öOtIMG COMPANY 

»>»..t   \\h TRANSPORT DIVISION 
NO.  D',-9 176 



EOUIVALtNT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 
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HEIGHT E 0 U I V A L E N T H £ A D W I N D S» STANDARD DEVIA TION 
IN 0 I R E C T R E T U R N 

FEET JAN APR JUL OCT . • A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

KANSAS CITY TO MINNEAPOLIS 351 N .MI. 

Si.OOO 2 4 1 1 2 -8 -14 -6 -6 -1 -3 -4 -14 -20 18 16 12 15 
40,000 4 5 0 0 2 -15 -25 -16 -10 -5 -6 -9 -27 -37 28 25 23 28 
30,000 4 2 1 0 2 -16 -26 -14 -8 -4 -5 -7 -25 -36 31 28 20 29 
20,000 0 1 2 -1 i -12 -19 -5 -4 -4 -1 -3 -16 -23 22 21 13 21 

KANSAS CITY TO NEW YORK 961 N .MI. 

53,000 4? 31 1 1 28 28 16 10 -47 -32 -11 -28 -29 -42 -49 15 14 to 13 
40,000 ^4 49 34 48 50 33 24 -76 -51 -36 -51 -52 -71 -82 24 23 20 24 
30,000 68 45 28 43 44 27 19 -71 -47 -29 -45 -46 -66 -77 25 24 16 25 
20,000 46 30 20 28 29 18 12 -48 -31 -21 -30 -31 -45 -53 19 19 11 18 

KANSAS CITY TO PHOENIX 907 N. MI. 
b3,000 -38 -32 -8 -2 1 -24 -37 -43 36 31 7 21 23 1 1 6 16 13 10 13 
40,000 -64 -48 -29 -4 0 -44 -62 -72 60 45 28 37 41 25 17 25 23 19 23 
30,000 -52 -4 1 -21 -31 -34 -52 -63 49 39 20 29 32 17 10 27 23 15 22 
20,000 -32 -26 -14 -18 -2 1 -33 -40 30 24 13 17 20 10 4 19 17 10 16 

KANSAS CITY TO WASHINGTON, D • C. 818 N. MI. 
53,000 47 3 2 10 27 28 15 9 -48 -33 -10 -28 -29 -43 -51 16 15 10 13 
40,000 Tb 51 32 48 50 32 23 -77 -52 -34 -50 -52 -72 -83 25 24 20 25 
30,000 68 45 25 42 43 25 17 -70 -47 -26 -44 -45 -66 -78 25 25 16 25 
20,000 46 30 18 28 29 16 1 1 -48 -32 -19 -29 -30 -45 -54 19 19 1 1 19 

KNOXVILLE TO MEMPHIS 297 N, MI. 
S3,000 -52 -37 -3 -26 -29 -47 -55 51 56 3 25 28 1 1 3 18 17 11 16 
40,000 -80 -57 -19 -5! -5 1 -76 -89 78 55 1 7 49 49 25 14 28 29 22 27 
30,000 -70 -49 -13 -4 1 -42 -67 -79 68 47 12 39 40 17 7 27 28 17 29 
20,000 -46 -33 -10 -24 -26 -44 -53 45 32 10 23 25 1 1 5 21 21 11 20 

KNOXVILLE TO NEW YORK 560 N. MI. 
S3,000 45 28 4 25 25 10 3 -47 -29 -5 -26 -26 -42 -49 17 16 11 15 
40,000 64 4 4 22 47 4 3 2 3 14 -70 -48 -24 -49 -47 -68 -80 27 27 22 26 
30,000 60 40 20 40 38 20 1 1 -65 -44 -21 -43 -41 -65 -75 26 2 7 17 27 
20,000 4 3 26 15 26 25 13 6 -45 -28 -16 -27 -27 -43 -52 21 2 1 12 20 

KNOXVII LE TO PITTSbURG 332 N. MI. 
53,000 2V 1 7 0 16 14 2 -4 -33 -19 0. -18 -17 -31 -39 18 1 7 12 16 
40,000 57 26 a 30 2 5 6 -4 -49 -32 -1 1 -36 -31 -52 -63 28 28 2 3 28 
30,000 35 23 10 26 22 5 -4 -45 -29 -12 -31 -27 -48 -59 26 29 18 29 
20,000 26 13 8 1 7 15 2 -4 -31 -17 -9 -19 -17 -32 -4 1 22 22 12 21 

KNOXVILLE TO WASHINGTON , Ü.C 378 N. Ml. 
53,000 4 6 30 3 24 25 10 2 -48 -31 -4 -25 -26 -43 -51 17 1 7 12 16 
40t000 67 46 19 47 44 2 2 12 -72 -50 -21 -49 -47 -70 -82 27 28 22 27 
30,000 61 41 i r 40 58 18 10 -65 -44 -18 -42 -4 1 -64 -76 25 28 17 •28 
20,000 4 5 27 13 25 25 12 5 -45 -29 -14 -26 -26 -43 -52 21 21 12 2 1 

KOOIAK TO SEATTLE 1246 N. MI. 
53,000 23 1 l 7 16 1 5 5 1 -24 -12 -7 -17 -14 -2 3 -28 14 1 1 9 1 1 
40,000 3 3 2 1 20 25 24 12 5 -35 -25 -21 -28 -27 -40 -47 19 18 18 20 
30,000 3 1 19 1 7 20 21 6 -2 -34 -22 -19 -24 -24 -40 -48 2 5 2 3 20 23 
20,000 19 9 12 14 13 2 -4 -21 -1 1 -13 -16 -15 -26 -32 19 16 14 16 

LAND 0 LAKLS TO NEW YORK 748 N. MI. 
55,000 36 24 14 24 ?4 13 8 -38 -25 -14 -25 -25 -36 -42 16 14 1 1 13 
40,000 5H 59 59 4 | 44 27 18 -62 -41 -41 -44 -47 -64 -74 25 24 21 25 
30,000 56 5H 5 5 5f 40 2 5 14 -60 -40 -35 -41 -43 -6 1 -71 27 27 19 26 
20,000 5H 26 23 25 27 15 9 -41 -28 -23 -27 -29 -42 -50 21 20 1 5 20 

LAS VtGAS 10 LOS ANGELES 205 N. MI. 
5 3,000 -25 -24 -9 -16 -18 -29 -36 23 25 9 15 16 6 0 19 16 12 15 
40,000 -38 -32 -33 -28 -33 -51 -60 33 2 8 32 26 30 12 2 29 27 22 2 6 
30,000 -32 -29 -21 -22 -25 -43 -53 28 25 20 20 23 6 -4 32 28 20 25 
20,000 -20 -18 -13 -1 1 -15 -28 -35 18 17 1 5 10 14 2 -5 23 21 13 18 

LAS VL&AS 1U PHOENIX 222 N .Ml. 
5 3,000 25 18 0 14 1 3 1 -5 -27 -20 0 -15 -14 -27 -35 19 16 12 15 
40,000 1H 52 9 24 2 4 6 -u -43 -36 -12 -27 -28 -48 -59 30 27 22 2 6 
30,000 i\ 28 1 1 9 19 2 -1 -36 -31 -9 -2 1 -22 -42 -54 33 28 19 2 4 
20,000 20 16 2 9 10 -? -8 -23 -1 T -2 -10 -12 -2 6 -34 22 20 12 18 

1 
•HliOWINOS--COMPuTeO FÜ« A  450-KT AIRSPEED. 
»•»--DtNOTtS ANNUAL EUUIVALENT HEADWINDS FOR INDICATED PER CENT RELIABILITIES. 
MINUS SIGNS OENOtt HtAOwlNOS. 

THE BOEING COMPANY 
TRANSPORT DIVISION 

NO. 
PAGE 

06- 9176 
1 15 



fcOUIVALENT   HtADWINOS   AND   STANDARD   OtVIATION   IN   KNOTS   FOR   GREAT   CIRCLE   AIR   ROUTES 

HEIGHT E 0 U I V A L E N T H E A D W I N 0 S» STANDARD DEVIATION 
IN DIRE C T R E T U R N 

FEET JAN APR  JUL  OCT • •A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL  OCT 

LAS VEGAS TO SACRAMENTO 336 N.HI. 
53,000  -32 -23   -6  -19 -19 -31 -39 31 2 3 5 18 18 7 1 18 15 1 1    U 
UO.OOO  -48 -38 -2h     -32 -35 -SU -61» l»5 36 21 30 32 14 5 28 26 22   26 
30,000 -k2 -35  -17  -28 -29 -1*9 -59 39 33 15 26 27 9 -1 31 28 21   26 
20,000 -27 -21  -10  -11» -17 -31 -39 25 19 10 13 16 3 -3 23 21 13   19 

LAS   VEGAS    TO   SALT   LAKE   CITY 
53,000         10 12         11            8 
U0,000         11» 11»        26         15 
30,000         12 12         19           9 
20,000           H «         13           6 

LAS   VEGAS   TO   SAN   FRANCISCO 
53,000     -33 -25        -8     -20 
l»0,000     -50 -1*0      -27      -31* 
50,000      -U3 -37      -20      -28 
20,000     -28 -22      -12     -15 

LITTLE    HOCK TO   ST.    LOUIS 
53,000         li* 1!        -2           8 
40,000        29 16           1         13 
30,000        25 U            1         10 
20,000         U 9           3           6 

LOS   ANGELES TO   MIAMI 
53,000         39 32        -3         17 
1*0,000        58 52         10         37 
30,000        1*7 1*2           7        28 
20,000        29 25           1         13 

LOS   ANGELES TO   MONTREAL 
53,000         53 25         12        22 
1*0,000         51* 38         38         38 
30,000        1*8 31*         30         33 
20,000         31 22        20         21 

LOS   ANGELES 10   NEW   ORLEANS 
53,000        1*0 33           0         19 
1*0,000        60 52         15         39 
50,000        50 U3         II         30 
20,000          52 26            5          15 

LOS   ANGELES TO   NEW   YORK 
55,000         39 50          10         21* 
1*0,000        6U 1*5        31*        U2 
50,000        55 1*0        26         55 
20,000          57 26          18         22 

LOS   ANGELES TO   OKLAHOMA   CITY 
55,000         3H 52            5         21 
1*0,000         SV 1*8         26         59 
30,000         1*9 1»!          19         30 
20,000         51 26          II          16 

LOS   ANGELES TO   PHILADELPHIA 
55,000        UO 30         10        21* 
1*0,000        65 1*6         35        1*2 
50,000         56 U1         25         35 
?0,000         57 26          17         22 

LOS   ANGELES    10   PHOENIX 
5 5,000 
1*0,000 
50,000 
20,000 

ik 
52 
u 5 
27 

2 9 
US 
59 
2 5 

U 

2k 
16 

8 

19 
5u 

26 
12 

I OS   ANGELES 
5 5,000 59 
1*0,000 62 
50,000 S5 
20,000 55 

10   PITTSBUHGH 
50 10 23 
U U 5 5 14 1 
5 V ?5 51» 
25 W 2 1 

10 
18 
II* 

9 

-20 
-37 
-51 
-18 

7 
U 
1 1 

8 

23 
i*l 
31 
17 

22 
1*1 
35 
25 

21* 
1*2 
52 
18 

25 
1*5 
i7 
?M 

?i* 
1*2 
5 5 
IV 

26 

1» 5 
57 
21* 

21 
5H 
29 

16 

25 
uu 
56 

23 

0 
-1 
-1* 

-3 

-33 
-56 
-50 
-31 

-1* 
-5 
-7 
-5 

6 
22 
15 

5 

li* 
30 
21* 
15 

8 
21* 
16 

6 

15 
52 
25 
16 

1 1 
26 
18 

9 

15 
52 
25 
16 

H 

20 
12 

U 

li* 

51 
.' 5 

-5 
■10 
15 
10 

-1*0 
-66 
-60 
•39 

-9 
■15 
■16 
■1 1 

-■1 
12 

8 
1 

1 1 
21* 
18 
I 1 

1 
15 

9 
2 

10 
26 
19 
12 

5 
18 
I I 

ii 

10 
26 
19 
1 1 

1 
10 

3 
-2 

10 
21» 
I t 
10 

-13 
-2 1 
-18 
-1 1 

32 
U7 
1*1 
26 

-20 
-1*1 

-35 
-2 1 

-1*0 
-61 
-50 
-30 

-55 
-57 
-51 
-53 

-i*l 
-63 
-53 
-53 

-HI 
-67 
-58 
-58 

-59 
-62 
-52 
-55 

-1*1 
-67 
-59 
-58 

-11* 
-18 
-17 
-10 

25 
38 
35 
21 

-15 
-21* 
-20 
-12 

-33 
-55 
-1*1* 

-26 

-26 
-1*0 
-36 
-25 

-35 
-51* 
-1*5 
-27 

-30 
-1*7 
-U2 
-27 

-33 
-50 
-i*5 
-27 

-51 
-1*8 
-U5 

-28 

-1 1 
-29 
-2 1 
-15 

7 
25 
18 
1 1 

1 
-l* 
-2 
-1* 

2 
-12 
-8 
-2 

-13 
-39 
-31 
-20 

0- 
1 7 
1 1 
-l* 

-I I 
-36 
-27 

-18 

-6 
-27 
•20 
• 12 

-10 
-55 
-26 
- 1 7 

-9 
-20 
-13 
-8 

19 
32 
27 
li* 

-10 
-20 
-16 

-18 
-36 
-29 
-11* 

-23 
-1*1 
-35 
-23 

-20 
-1*1 

-31 
-16 

-25 
-1*1* 

-38 
-23 

-22 
-1* 1 
-52 
-1 7 

-25 
-1*1* 

-57 
-25 

•55 -30 -1» -20 
-SU -1*7 -25 -55 
-1*6 -1*1 -17 -28 
-29 -21* -9 -15 

-UO -30 -10 -21» 
-65 -U6 -35 -U3 
-56 -U2 -26 -36 
-56 -26 -17 -22 

-12 
-22 
-18 
-1 1 

20 
35 
29 
17 

-10 
-2 I 
-16 
-10 

-21* 
-1*3 
-33 
-18 

-23 
-1*1» 

-3 7 
-214 

-25 
-1*1* 

-31* 
-18 

-26 
-1*7 
-59 
-25 

-25 
-1*1* 
-31* 
-20 

-26 
-kr 
-59 

-25 

-2 I 
-59 

-31 
-1 7 

-22 
-UO 
-35 
-2 3 

8 
1 7 
1 1 

5 

-22 
-1*2 
-37 
-24 

-37 
-59 
-1*8 
-29 

-32 
-56 
-50 
-33 

-38 
-6 1 
-5 1 
-32 

-37 
-61 
-51* 
-36 

-5f 
-61 
-52 
-32 

-37 
-62 
-51* 
-56 

- J5 
-58 
-50 
-50 

-27 
-1*9 
-US 
-30 

3 
8 
2 

-2 

-29 

-53 
-U9 
-32 

-U2 
-67 
-56 
-35 

-37 
-63 
-58 
-38 

-l»l» 

-71 
-60 
-38 

-U2 
-69 
-63 
-U2 

-UU 
-71 
-62 
-1*0 

-U5 
-70 
-65 
-U2 

-U5 
-69 
-61 
-59 

-25 -36 -U2 
-U6 -61 -69 
-38 -53 -62 
-2K -35 -Ul 

18 
29 
32 
23 

18 
28 
31 
2 3 

19 
29 
30 
22 

1 1 
17 
17 
12 

I 1 
18 
20 
IU 

13 
21 
21 
15 

1 I 
18 
19 
IU 

15 
2U 
26 
18 

12 
18 
19 
li» 

Ifl 
28 
51 
22 

12 
19 
21 
15 

15 
26 
29 
20 

320   N.MI. 
II 15 
23 27 
20 27 
13        19 

359 N.MI. 
15 II IU 
26 22 26 
28   21   26 
20 13   18 

257 N.MI. 
17 12 16 
2 8 2 3 2 7 
28   18   30 
21 12   20 

2030 N.MI. 
10 7   10 
16 13   15 
15 10   IU 
11 6   10 

2IU3 N.MI. 
10    7    9 
16 IU   17 
18 13 17 
13    8   13 

1IIU8 N. 
12    9 
19   15 
19   12 
13 8 

MI. 
1 I 
17 
1 7 
12 

21U1* N.MI. 
10     7     9 
17 IU   17 
18 12   17 
13    8   13 

1027 N. 
13   10 
22   ir 
22   IU 
16    10 

MI. 
13 
2 I 
20 
15 

2081 N.MI. 
10 a  10 
17 IU   17 
18 12 17 
13    8   13 

320 N.MI. 
16   12   15 
26 21   25 
27 18   23 
19 12   17 

1851 N.MI. 
11 8 10 
18 15 18 
IV 12 IH 
IU    8    13 

•HtADWINOS COMPUIED TO« A   USO-KT AIHSPtfcU. 
••»--UlNOIiS ANNUSL tyuIVALENT HtAUWINUS FOR INDICATED PER CENT RELIABILITIES. 

MINUS SIGNS DtNOIt HtAOwINOS- 
THE BOEING COMPANY 

PAGE   116 TRANSPORT DIVISION 
NO.  06-9 176 



I 

I 
tOUIVALENT HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

i 

I 
! 

I 

HEIGHT E U L I V A L E N T H E A 0 M I N D S» STANDARD DEVIA1 riON 

IN D I R E C T R E T U R N 

FEET JAN APR JUL OCT •• A50 A75 A85 JAN APR JUL OCT A50 ATS A85 JAN APR JUL 

725 N, 

10 

OCT 

 1  

LOS ANGELES TO PORTLANC , ORE. 
MI. 

12 
53t000 -16 -7 3 -6 -6 -16 -22 13 5 -3 5 U -5 -10 16 1 U 

UO.OOO -23 -17 0 -13 -13 -30 -39 17 15 -i* 9 8 -8 -17 25 2U 21 25 

25 
iCOOO -2 1 -16 -1 -13 -12 -30 -1*0 15 12 -1 9 8 -9 -17 28 26 20 

20,000 -13 -8 -1 -5 -6 -18 -25 10 6 0 1* U -7 -13 21 19 12 18 

LOS ANGELES TO SACRAMENTO 
16 

309 N. 

12 

MI. 

!U 
53,000 -21 -13 2 -10 -9 -21 -28 19 1 1 -2 8 8 -3 -8 18 

"(0,000 -31 -26 -2 -17 -18 -38 -1*8 26 22 ..„2 11* 1U -U -1U 28 26 22 26 

30,000 -27 -24 -i* -15 -16 -36 -1*6 22 20 2 12 13 -5 -1U 31 28 21 26 

20,000 -17 -12 -2 -7 -8 -22 -30 15 10 1 6 7 -5 -12 23 21 13 18 

1 OS ANGELES TO ST. LOUIS 
1380 N- MI. 

53,000 3 7 30 8 22 21* 13 8 -3« -31 -9 -23 -25 -36 -U2 1U 12 V 11 

10,000 60 U5 31 39 43 28 21 -63 -U7 -32 -1*1 -US -61 -69 22 20 16 20 

30,000 50 39 22 31 31* 20 11* -53 -1*1 -23 -33 -36 -52 -61 23 21 13 19 

20,000 32 25 li* 18 21 12 7 -33 -26 -15 -19 -22 -33 -40 16 15 9 IU 

LOS ANGELES TO SALT LAKE CITY 
513 N. MI. 

53,000 15 16 1 1 1 1 13 3 -2 -17 -17 -1 1 -12 -1U -2U -29 17 15 1 1 IU 

kO,000 2 1 18 30 20 23 6 -i* -27 -23 -32 -2U -27 -U3 -52 27 25 21 2 5 

30,000 18 17 20 11* 17 1 -9 -21* -21 -22 -17 -2 1 -37 -1*7 30 27 19 25 

20,000 12 12 13 8 1 1 0 -7 -15 -15 -li* -10 -13 -2U -31 22 19 12 18 

LOS ANGELES TO SAN FRANCISCO 
295 N. MI. 

53,000 -26 -18 -1 -13 -li* -26 -33 25 16 0 12 12 1 -5 19 1 6 12 1 U 

UO.OOÜ -39 -32 -10 -23 -25 -1*5 -55 35 29 7 20 22 i* -6 28 26 22 • 26 

30,000 -33 -30 -9 -19 -22 -Ul -51 30 27 7 1 7 19 1 -8 31 2 8 21 26 

20,000 -22 -16 -5 -10 -12 -25 -33 20 11* 5 8 1 1 -2 -8 2 3 21 13 18 

1 OS ANGELES TO SEATTLE 830 N. MI. 

53,000 -15 -6 3 -5 -5 -15 -20 12 1* -i* U 3 -6 -10 15 13 10 12 

UO,000 -20 -15 1 -12 -1 1 -28 -37 IK 1 1 -5 7 6 -9 -18 2U 23 20 2U 

30,000 - 19 -11* 0 -12 -1 1 -28 -37 13 10 -2 8 6 -10 -18 27 25 19 25 

20,000 -12 -6 0 -5 -5 -17 -21* 9 I* -1 3 3 -8 -1U 20 18 12 17 

1 OS ANGELES TO SYRACUSt 
2036 N. MI. 

53,000 36 27 1 1 23 21* 15 10 -37 -28 -12 -23 -25 -31* -39 1 1 IU « 10 

HO,000 59 1*1 36 1*0 1*3 31 25 -62 -U3 -38 -1*2 -U5 -59 -66 18 1 7 15 18 

30,000 51 56 28 5U 5 6 21* 18 -5U -39 -29 -36 -38 -52 -60 20 18 12 18 

20,000 33 24 19 21 23 15 1 1 -55 -25 -19 -23 -2U -3U -UO 1U 13 8 13 

LOS ANGELES TO TAMPA 1870 N. MI. 

53,000 uo 3 3 -1 19 25 7 0 -i*2 -31* 1 -19 -25 -38 -UU 12 1 1 8 10 

UO,000 60 53 13 59 1*2 23 11* -63 -55 -11* -Ul -UU -61 -69 18 17 13 16 

30,000 50 1*3 9 30 32 16 9 -52 -1*5 -10 -31 -3U -51 -59 18 1 7 1 1 15 

20,000 5 1 ?6 5 15 18 7 2 -33 -27 -3 -15 -19 -3 1 -37 13 12 7 1 1 

LOS ANGELES TO TUCSON 390 N Ml. 

53,000 5 3 28 1 18 20 6 0 -51* -29 -2 -19 -20 -3U -Ul 18 15 12 IU 

kO ,000 51 U5 18 52 5 5 17 8 -53 -1*7 -20 -3U -38 -57 -67 27 25 20 2U 

50 , 000 1*2 58 1 1 25 2 7 10 2 -1*5 -1*0 -13 -26 -29 -U8 -59 30 25 18 22 

20,000 2/ 22 5 1 1 15 i -3 -28 -21* -5 -12 -15 -29 -38 21 18 1 1 16 

LOUISVILLE ro MEMPHIS 
277 N .Ml- 

53,000 -1*0 -28 - 1 -20 -21 -37 -i*5 36 25 1 19 19 5 -1 18 1 7 12 16 

l»0,000 -66 -1*3 -11* -1*0 -40 -65 -75 59 58 1 1 56 55 tu 3 28 2 8 22 27 

$0,000 -5« -57 -10 -33 -32 -56 -68 52 5 5 9 29 28 9 0 28 28 18 29 

20,000 -59 -25 - 9 -19 -21 -37 -U7 36 22 8 18 19 6 -1 22 

1 

21 12 21 

1 Olli SVI LLE 10 NEW YORK SM N .Ml. 

53 > 000 U9 3 1 9 29 28 li* T '   -50 -32 -9 -29 -29 -UU -52 17 16 1 1 15 

M0,000 ru 1*9 51 50 50 30 20 ! "77 -52 -32 -52 -52 -73 -85 27 26 22 26 

50,000 6 9 U5 2 7 kk l*U 25 i r i -72 -1*8 -28 -U6 -U6 -68 -8 1 26 2 8 18 2 7 

20,000 Uri 30 \ i 2 9 50 16 10 1 -50 -32 -20 -30 -31 -U7 -56 21 21 12 20 

1 iiul SV I LLL TO ST. LOUIS 220 N .MI. 

5 5,000 -1*8 - 51* -9 -27 -?s -UM -52 U7 55 9 26 28 1 5 r 19 1 7 12 16 

UC.000 -rt> -53 -51 -U9 -51 -75 -86 73 51 5 0 U7 1.9 2 8 18 29 28 2U 2 9 
r     ■■          f  V' V V 

50.000 -69 -t*7 -23 -U2 -U3 -66 -79 66 uS 25 UO U! ? 1 11 30 29 19 10 
.1 V." ( V V w 

70.00Q -1*6 -51 -1 7 -2« -28 -US -55 UU 30 1 1 ?! 27 IH 7 2 3 22 1 5 2 2 

I 
■ HtAOMtNOS—COHPUtEO   FOR   A      U50-M   AIRSPEED. 

..A--i ENOIES   ANNUAL   EwUIVALtNT   HEAOWINnS   FOR    1NDICMED   PER   CENT   RELIABILITIES. 
MI ,    >   SU.NS   OENOtE   HtAOxI^OS. 

IwE    BOE1NG   COMPANY 
IRANSPORI   DIVISION 

NO. 
PACE 

-9W6 
H7 



t&UIVALtMf   HfcAOWINOS   AND   STANDAKU   DtVIATIÜN    IN   KNOTS   FOR   GRLAT   CIRCLt   AI«   ROUTtS 

MtIGHT £ 0 U I / A L E N T H E A 0 W 1 N D S« STANDARD DEVIATION 
IN ü 1 REG T R E T U R N 

f-LET JAN APR JUL OCT • • A50 A75 ASb JAN APR JUL OCT A50 A75 A85 JAN APR JUL  OCT 

LOuisviLLt ro sr. PETERSBURG 634 N,MI. 
bi.OGO 7 V 4 b 6 -3 -8 -14 -12 -5 -ö -9 -19 -24 15 16 10    15 
1*0,000 6 9 9 b 8 -8 -16 -20 -18 -1 1 -12 -15 -30 -39 24 25 19   23 
«,000 6 1 1 5 b 6 -7 -15 -16 -17 -6 -9 -1 1 -26 -34 22 2 3 15   23 
20,000 3 6 3 2 5 -6 -12 -8 -9 -3 -4 -6 -16 -22 18 18 10   16 

LOülSVILLt TO TAMPA 634 N.MI. 
5i,000 B V 4 b 6 -3 -8 -14 -13 -5 -7 -9 -19 -25 15 16 10   15 
HO,000 7 10 9 6 8 -7 -15 -2 1 -19 -1 1 -12 -15 -3 1 -40 24 25 19   23 
30,000 (■ 1 1 5 b 7 -7 -14 -17 -17 -6 -10 -12 -2? -35 22 23 15   23 
20,000 4 7 5 2 4 -6 -12 -8 -10 -3 -4 -6 -16 -22 18 18 10   16 

LOUISVILLE TU WASHINGTON, D. ;. 4 10 N.MI. 
bi.OOO bO 53 8 28 29 14 7 -5 1 -34 -8 -29 -29 -U5 -54 18 17 12    15 
40,000 1 ( S2 29 50 bl 50 20 -79 -54 -31 -52 -53 -7b -87 28 28 22   27 
30,000 11 47 24 4 5 44 24 1b -73 -49 -25 -46 -46 -69 -82 26 28 18   28 
20,000 4H 42 18 28 29 16 9 -50 -33 -18 -29 -30 -4 7 -57 22 22 12   21 

MEDFORO TO SACRAMENTO 243 N.MI. 
■5-;, ooo 14 6 -5 b 5 -6 -1 1 -17 -H 2 -7 -6 -18 -24 18 15 12   14 
40,000 lü 14 _ 1 9 10 -9 -19 -24 -18 -5 -13 -14 -34 -44 29 2 7 2 4   2 9 
JO.OOü i r 13 0 1 1 9 -10 -20 -23 -1 7 -2 -1b -13 -34 -45 33 29 23   30 
20,000 ! t 7 2 4 b -8 -15 -14 -9 -5 -6 -7 -2 1 -29 25 22 14   21 

MEDFOKO TU SAN FRANCISCO 2 86 N.MI. 
')-i,000 8 1 -6 1 0 -10 -15 -1 1 -5 5 -2 -2 -1 3 -19 18 15 12    14 
40,000 H 7 -7 ) 2 -1 J -26 -1b -1 1 4 -6 -7 -2b -36 29 27 23   28 
iO.OOO « 6 -b 4 5 -16 -26 -14 -1 1 2 -a -7 -27 -37 32 2 9 23   29 
20,000 b 5 -1 0 1 -12 -19 -8 -5 0 -2 -3 -17 -2b 24 22 14   20 

Mt MPH1 S TU NEW ORLEANS 304 N.MI, 
b^OOO -10 -4 6 -2 -I -15 -19 3 0 -6 0 -1 -1 1 -1 7 17 1 7 11    16 
40,000 -24 -a 6 -b -7 -2b -35 9 -2 -7 -1 -1 -18 -26 27 28 21   24 
50,000 - lv -6 5 -4 -b -25 -32 9 -1 -3 - 1 0 -lb -2 3 26 2 6 16   26 
20,000 - 1 1 -5 4 -2 -2 -14 -21 7 0 -b 0 -1 -1 1 -1 7 20 19 1 !    18 

Ml. HPHI S TU S . LOUIS 222 N.MI. 
•5^,000 -1 -5 -5 -3 -b -15 -21 1 1 b 1 2 -8 -14 19 1 7 12   16 
40,000 -6 -9 -10 -8 -8 -26 -56 -10 0 8 1 0 -19 -29 29 2 9 23   28 
i0,00Ü -b -/■ -7 -6 -6 -24 -54 -8 0 b 1 0 -18 -28 50 29 18   30 
20,000 -2 -4 -5 -b -3 -16 -2 3 -4 1 2 5 1 -12 -19 22 22 12   21 

ML MPHIS TO SURE VE PORT 24 7 N.MI. 
Si,000 -42 -51 2 -19 -22 -39 -47 39 29 -2 18 20 4 -3 18 1 7 11    16 
40,000 -?0 -4H -7 -59 -40 -6b -78 6b 44 6 5 b 36 1 5 2 2 9 29 21   25 
40,000 -SV -40 -b -50 -51 -b6 -68 bb 36 4 26 28 7 -2 28 27 17   28 
20,000 -ir -26 - 1 -1 ? -18 -56 -4b 5 b 24 1 lb I 7 2 -4 21 20 11   19 

Ml MPH 1 S TU WASHING ION, o.e. 660 N.MI . 
S^OOO 4(1 52 4 2b 7J 1 1 4 -bO -54 -4 -26 -28 -44 -b2 16 16 11    14 
"»0,000 M '.0 2 1 4 8 4 7 26 16 -77 -55 -22 -50 -50 -72 -84 2 b 26 20   25 
iü,000 6 0 4 4 1 .' 4 0 40 20 1 1 -69 -4 7 - 18 -42 -42 -65 -77 24 26 16   26 
20,000 i»b 50 1 5 2b 26 I 5 7 -47 -51 - 14 -26 -27 -44 -b3 20 19 1 1    19 

MIAMI 10 MlM.NfcAPUL IS 1 305 N.MI. 
i 1,000 -2b -IS) -6 -\S -15 -24 -30 20 16 b 1 1 12 4 0 1 5 1 3 8   12 
40,000 -i6 -29 - 1 7 -24 -26 -40 -47 26 22 15 19 20 7 0 20 20 16   20 
50,000 - S\ -26 -12 -20 -2 i -3b -45 25 2! l l 16 1 7 b -1 20 2 0 13   20 
20,000 -20 -16 -1 -12 -1 5 -2 5 -29 16 14 6 10 1 1 2 -2 lb lb 9    14 

MIAMI 10 MCNTKLAL 1221 N.MI. 
Sä,000 1 1 4 -3 7 4 -4 -9 -1 7 - 7 2 -9 -7 -1 7 -22 1 5 13 9   1 3 
40,000 1 4 10 -1 14 H -b - 1 5 -2b -18 -2 -20 -16 -51 -39 21 2 1 17   2 1 
50,000 1.' 6 2 12 1 -5 - 12 -22 -12 -4 -17 -13 -26 -34 20 21 14   20 
20,000 1 1 b 4 9 7 -2 -7 -1b -a -b -1 1 -9 -19 -2b 16 16 9   lb 

«1AM1  10 Ji H ORLt A •iS b8b N.MI. 
5 4,000 - 4v -55 u -16 -22 -58 -4b 58 $? -4 lb 2 1 5 -b 15 lb 9    16 
4 0,000 -16 -S4 -5 - 54 -58 -59 -69 b2 bl 2 52 5 b 1 5 5 23 25 17   2 1 
40,000 -4S -1,2 -5 -2b -29 -4 7 -bb 42 40 4 2 4 27 9 2 19 20 1 3   19 
20,000 -26 -24 0 -1 1 - in -27 - 54 2b 25 0 1 1 1 5 2 -5 15 lb 8   \ 3 

• Ml &U*lNl)\--tOMPUlLO    (OK    A        4S0-KI    AUSPEtD. 
• •A--(Jl NOIt S    4VNUÄI    fwüIVAEENI    HEÄOWlNUS    FOR     INI)] 

«INUS    Slv.SS    OINÜIt    HtAOMtNOS. 

k'Äl.l 1 Irt 

GATE»   Pfc«   CENT   RtlIAHILIIIES. 

THfc    »OtlNO   COMPANY 
MANSPOKI   01VIS1O* 

»6-9176 



tUUIVALLNT HtAOWIMDS AND SrA.NDARD DtVIATION IN KNOTS FOR GMtAT CIRCLE AIR ROUTtS 

I 
I 

I 

I 

1 

I 

I 

I 

HtIGHT £    (J   U    I    V A   L L   N    T H   E A   D W   I    N D   S» STAN DARU DEVIA TION 

IN D   I R   E C   T R   E T   U R   N 
FEtl JAN APR JUL OCT •»•A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

MIAMI ro   NtW YORK 9147   N .MI. 

Si,000 15 6 -5 8 5 -1» -9 -20 -10 i -9 -8 -20 -26 11» 1 5 9 1U 

uo.ooo 1 / 15 - 1 16 1 1 -5 -1 1 -29 -23 -1 -22 -18 -55 -UU 22 2 5 17 22 

50,000 16 10 2 114 9 -5 -10 -25 -16 -5 -Id -11» -29 -57 20 21 11» 20 

20,000 1 5 8 5 1   1 8 0 -5 -17 -1 1 -6 -12 -1 1 -21 -2 7 16 16 9 IS 

MIAMI    1 0   PHILADELPHIA 882   N .MI. 

S5,000 12 14 -5 6 U -5 -10 -18 -8 3 -8 -7 -18 -21» 11» lb 9 IS 

ucooo |l4 12 -5 114 9 -6 -11» -2 5 -21 1 -19 -15 -52 -Ul 22 23 17 22 
50,000 12 r 0 12 J -5 -12 -2 1 -15 -2 -16 -12 -26 -31* 20 21 14 21 
20,000 1 1 6 14 V r -2r -7 -15 -9 -5 -1 1 -9 -19 -25 16 16 9 15 

MIAMI 0   PITTSBURGH 88 1   N .MI. 
'3.5,000 - 1 -H -U 0 -5 -1 1 -16 -5 1 1» -2 0 -9 -11» U 15 9 IS 

140,000 -6 -14 -8 2 -14 -19 -26 -7 -5 6 -8 -3 -18 -2 6 22 23 1? 22 
50,000 - 5 -7 -5 2 -5 -16 -25 -5 0 2 -6 -2 -15 -22 19 21 14 21 
20,000 0 -5 1 i 0 -V -Ht -5 0 -2 -5 -3 -12 -17 16 16 9 15 

MIAMI    TO    SI. LOUIS 929   N MI . 
b5,000 -2H -25 -14 -15 -16 -28 -514 21» 20 3 1? lU I» -1 114 U 9 14 
U0,000 -kO -55 - 1 5 -25 -27 -UU -52 29 28 1 1 2 1 22 7 0 22 23 17 21 
50,000 -55 -50 -<J -20 -22 -57 -U6 2 5 2 5 8 1 7 18 5 -2 20 21 1 5 2 1 
20,000 -20 -18 -H -10 -12 -25 -29 16 16 14 9 10 1 -1» 16 16 9 15 

MIAMI     10    SAN FKANCISCO 22i»2   N. MI. 

55,000 -5V -51 -2 -19 -214 -55 -i»l 37 50 2 19 25 9 3 1 1 10 7 10 
HO,000 -5H -50 -1 ! -58 -Ul -57 -6I4 55 i47 lb 56 59 25 16 17 16 13 15 
50,000 -40 -14 1 -12 -50 -52 -I47 -55 145 59 12 29 50 16 1 1 1 7 16 10 15 
20,000 -50 -25 -5 -15 -18 -29 -55 29 21» 5 lb 1 7 7 1» 12 1 1 7 10 

MIAMI    10   SAN JUAN 908   N. MI. 
55,000 2 6 25 -6 I 12 - 1 -6 -27 -25 6 -7 -12 -27 -31» 114 11» 8 12 
140,000 U2 '4  5 M 15 24 r 0 -1» 14 -i»5 -I» -16 -26 -l»6 -51» 18 19 15 19 
50,000 JO 50 5 •) 16 u -1 -51 -51 -5 -10 -1 7 -32 -39 16 15 10 15 
20,000 in 15 -5 - 1 5 -5 -8 -10 -II4 5 1 -5 -13 -18 12 1 1 7 9 

MIAMI     TO    SLATILfc 2 56 3   N. MI. 
5 5,000 -51 -25 -7 -20 -21 -51 -56 52 25 6^ 19 20 1 1 6 10 9 7 9 
uo.ooo -5 1 - (fi -22 -56 -57 -U9 -56 146 55 20 55 5 5 2 1 15 16 15 15 16 
50,000 -uu -514 -18 -52 -51 -145 -51 59 51 1 7 29 28 1 J II 1 ! 16 1 1 16 
20,000 -2V -22 -1 1 -IV -IV -28 -514 27 20 1 1 18 18 10 7 12 12 7 1 1 

MIAMI     TU    lALLAHASStt 350   N. MI . 
55,000 -2d -26 0 -12 -15 -50 -57 21« 2M -1 1 1 1 5 1 -5 16 16 10 1 7 
140,000 -HO -59 -6 -25 -26 -145 -55 52 5 5 5 20 22 5 -3 214 2i4 18 23 
50,000 -51 -55 -5 -18 -21 -56 -US 26 29 1» 16 18 14 -3 2 0 21 14 20 
2 0,000 - IV - IÖ 0 -6 -9 -21 -28 1 7 16 -1 6 8 -2 -6 16 16 9 14 

MIAMI     10   WASHINGTON,    0. C. 800   N. MI. 
S5,000 (1 2 -ti u 2 -? -12 -11» -s u -6 -14 -15 -21 15 15 9 15 
140,000 H r -5 10 5 -10 - 18 -20 -16 5 -15 - 1 1 -28 -57 2 5 214 1 t 2 5 
50,000 7 2 -1 9 M -V -15 - 16 -9 0 - 15 -9 -25 -50 2 0 2 1 14 21 
20,000 H I* 5 1 5 -u -9 -12 - 1 -1» -V -7 -1 7 -22 1 1 16 9 15 

MILwAUKtt    TO MINNLAPOLIS 257   N. Ml. 
5 5,000 -n -2 5 -15 -25 -214 -56 -I42 56 22 11» 2U 2 5 12 r 18 16 12 15 
i<0,000 -5b - 58 -H 5 -Uli -U6 -6U -7tt S'4 56 M 1 U2 hi 25 15 27 25 24 2 9 
50,000 -•>5 -3r -56 -LlO -Ul -61 -J? 51 5 5 5S 58 5 9 20 10 51 2 9 21 50 
?Of0O0 -58 -25 -2 5 -28 -28 -142 -50 56 2l4 22 26 26 I 5 6 25 2 2 14 22 

MlLbAUKfct    TO NLW   YORK 6U6   N. Ml. 
■■>5,000 U5 20 1 5 ?1 2? 15 10 -t»S -29 -1 5 -28 -2J -I4O -ÜB 1 r 15 1 1 14 
140,000 6V »46 5V U6 U9 5 1 22 -72 -14R -i»0 -1»9 -51 -70 -81 26 25 22 2 6 
50,000 66 M5 J2 Hi Itli 26 1 7 -69 -145 -5U -hh -U6 -66 -78 27 27 19 27 
2 0,000 H5 50 22 28 50 1 r 1 1 -I46 -51 -25 -50 -51 -146 -51» 21 21 1 5 20 

"1 LHAIIK 11    I 0 PHllAUfcLPHI 4 598    N MI . 
5 5 , 000 b? 2H 1 5 26 26 IH 9 -t,} -29 -1 5 -27 -27 -UO -HI 17 IS 1 1 11» 
UO.OOO 68 >»5 id uu Uft 50 21 -1 1 -h! -59 -It7 -50 -70 -80 26 2'. 22 2 6 
50,000 65 h? 51 10 4 5 25 16 -68 -hS -52 -u < -I45 -6 b -77 77 2 8 IV 2 7 
20,000 Uli 29 21 2/ 29 16 10 -ht -51 -27 -29 -50 -U5 -5>4 21 21 1 5 21 

•HC»Otll«OS--CO*#UtfcO   FOR   4      Ub-O-Kt    4!-!SPtfcD. 
..»--OtSOTtS   ANNUAL   EtUIVAltNT   MtADwINLS   FOR    INDICATED   PER   CENT   He I 1Ae1L1TI £S. 

"INUS    Sl'^NS   OLNCIt   HI AD* IM)«,. 
IM«     BOfINO   COMPANY 
IdANSPO«!   nivisioN 

NÜ. 
PAOt 

fj6-Vl 76 
1 IV 



KJUIVALENT HcAÜWlNDS AND STANOAKU DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

HLIGHT 
IN 

FttT 

EQUI    VALtNT HEADWINDS« 
DIRECT 

JAN      APR      JUL      OCT   «»AbO      ATS      A8b JAN      APR 
RETURN 

JUL      OCT A50 A7b  A85 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

MILWAUKEE TO 
bi,000 3V 

40,000 61* 
10,000 61 
20,000   k2 

MINNEAPOLIS 
bi.OOO HO 
U 0,0 0 0 63 
•50,000 60 
20,000   41 

MINNtAHOLIS 
55,000 -IV 
1*0,000 -16 
10,000 -32 
20,000  -16 

MINNEA^OLlS 
■^OOO -32 
U0,000 -bO 
50,000 -Ub 
20,000  -30 

WASHINGTON: 
27 12 
lt3 3S 
14O   28 
28 19 

TO NEW 
26 
H2 
UO 
28 

YORK 
lU 
1* I 
34 
23 

D. 
21* 
1*1 
36 
25 

26 
UU 
UO 
27 

21* 
Ub 
1*0 
27 

25 
1*7 
1*2 
29 

TO OMAHA 
- 15   -8 
-21*  -23 
-21  -18 
-13  -12 

-12 
-22 
-IV 
-12 

TO SALT LAKE CITY 
-22  -15  -22   -22 
-15  -1*1*  -1*0   -U? 
-33  -36  -35   -17 
-2 1  -22  -21*   -21* 

MINNEAPOLIS TO SEATTLE 
51,000 
40,000 
30,000 
20,000 

- 1 I -IV 
-1*5 -10 
-45 -10 
-31 -21 

-15 -25 
-17 -IV 
-34 -38 
-22 -27 

MI -JNEAPOL IS TO   SPOKANE 
51,000      -12 -IV      -15      -25 
40,000      -46 -10      -40      -39 
10,000      -46 -10      -55      -38 
20,000      -32 -21      -22      -2 7 

53,000 if 
40,000 60 
50,000 5? 
20,000 40 

2 5 13 2 4 
40 58 4 1 
18 10 16 
27 20 25 

HINNEAPOLIS 10 WINNIPEG 
51,000 -2 5 
40,000 -II 
30,000 -51 
20,000 -23 

-1 1 
-18 

-20 
-16 

-V -17 

-26 -?7 
-22 -76 
-15 - 1 V 

MONCION 10   MONTREAL 
51,000 -4 1       -24      -16 -10 
40,000 -66      -4 5      -4 5 -55 
10,000 -62      -42      -42 -49 
20,000 -42      -27      -27 -14 

MONCTOM TO    TORONTO 
51,000 -41      -24      -15 -29 
40,000 -68      -4 1      -42 »-51 
10,000 -65      -4 1      -59 -48 
20,000 -41      -27      -26 -51 

MONt Kt At 
51,000 
4 n, o o u    - 12 
10,000      -It 
2 0,000 -8 

TO   MLW YOKK 

0 i 
-4 0 
-2 -1 

0 0 

»ONI Rl Al    TU   SAGtif NAY 
5 1,000 
4 0,000 
10,000 
20,000 

21 
15 
12 
2 1 

I 1 
1 r 
Ifc 
I I 

1ft 
15 
I I 

-5 
■ I 1 
•10 
-6 

) I 
2V 
26 
1 / 

-22 
-58 
-16 
-25 

MINNEAPOLIS TO WASHINGTON, O.C. 
24 
4 4 

19 

27 

i u 

2U 
22 
15 

1 3 
27 
22 
14 

15 
3 1 
26 
17 

-12 
-58 
-5 3 
-15 

-30 
-51 
-51 
-35 

1 5 
28 
2 1 
15 

8 
1 7 
13 
8 

10 
22 
18 
1 1 

-13 -21 -29 
-26 -44 -53 
-22 -4 1 -5 1 
-13 -26 -14 

-37 
-66 
-62 
-41 

-35 
-59 
-60 
-41 

-22 -31 -36 
-19 -51 -61 
-37 -52 -61 
-25 -36 -42 

V 
19 
14 
V 

-14 -24 -10 
-25 -42 -51 
-25 -42 -52 
-18 -11 -18 

-26 -39 -46 
-51 -M -82 
-48 -68 -8 1 
-12 -4T -55 

-26 -1« -45 
-51 -70 -80 
-4 7 -6 7 -78 
- 11 - 4 5 - 5 5 

•2 -11 - IV 
-6 -26 -16 
-6 -26 -If 
-1 -17 -26 

-1 
-5 
-9 
- f 

-41 -28 -13 
-69 -46 -37 
-65 -43 -29 
-44 -30 -20 

-41 
-66 
-64 
-4 3 

16 
27 
24 
14 

30 
47 
42 
2B 

30 
44 
43 
30 

31 
4 5 
4 4 
II 

-59 
-65 
-61 
-42 

21 
26 
2 5 
21 

40 
64 
5 9 
40 

4 0 
6 5 
61 
4 1 

-27 
-44 
-42 
-29 

1 1 
20 
16 
10 

2 2 

31 

31 

20 

19 
28 
28 
20 

19 
29 
2 8 
20 

-26 
-41 
-4 1 
-2 8 

9 
15 
i r 
14 

2 1 
41 
IV 
26 

24 
4 1 
18 
26 

-2 
-3 
-5 

-26 -12 
-42 -21 
-40 -21 
-26 -15 

-14 
-42 
-36 
-24 

7 
18 
15 
10 

15 
42 
34 
2 1 

15 
16 
32 
21 

15 
18 
11 
22 

- 13. 
-39 
-12 
-21 

8 
22 
19 
14 

15 
42 
40 
26 

14 
40 
18 
25 

-4 
-5 
-3 
-2 

~f 
-21 
-20 
-15 

-25 -25 
-44 -48 
-40 -43 
-27 -29 

-27 
-47 
-43 
-29 

10 
16 
14 
9 

2 ! 

il 
32 
22 

24 
57 
16 
2 6 

24 
.17 
.16 
2 6 

-25 
-44 
-40* 
-2? 

16 
23 
22 
i r 

29 
52 
UT 
.12 

29 
51 
46 
5 1 

-IV 
-15 
-11 
-20 

-26 
-49 
-45 
-30 

1 1 
20 
17 
I 1 

2 1 
40 
15 
2 3 

21 
36 
15 
2 4 

21 
3 7 
35 
24 

-25 
-4 7 
-42 
-28 

1 1 
21 
2 1 
16 

26 
49 
45 
11 

26 
49 
45 
50 

-38 
-67 
-63 
-44 

-37 
-6 6 
-63 
-43 

13 
25 
19 
12 

1 3 
21 
2 0 
14 

1 5 
23 
20 
14 

-io 
-64 
-6 0 
-42 

14 
30 
26 
1 7 

15 
.11 
26 
1 7 

-1 1 
-2 1 
-2 1 
-14 

-45 
-78 
-74 
-52 

-44 
-76 
-73 
-50 

-4 
-7 

-1 1 
-9 

B 
16 
10 
6 

9 
16 
13 
9 

V 
16 
12 
9 

-43 
-74 
-70 
-50 

-2 
-4 
-6 
-1 

9 
20 

9 
2! 
1 7 
10 

-17 
-51 
-32 
-22 

■15 -2 7 -31 
-29 -49 -59 
-27 -4ft -60 
-17 -12 -4 1 

17 
27 
27 
22 

15 
24 
26 
20 

18 
28 
3 1 
22 

15 
2.1 
27 
IV 

1 5 
2 0 
23 
16 

14 
2 0 
2 4 
1 ! 

16 
2 4 
26 
20 

16 
24 
2 8 
2 1 

18 
29 
15 
2 4 

1 7 
2 7 
12 
22 

18 
10 
54 
24 

18 
2 9 
14 
24 

550 N.MI. 
16 12 15 
26 22 27 
28 19 28 
21   13   21 

13 
23 
25 
19 

889   N.MI. 
10 13 
20 24 
18        25 
12 IV 

288 N.MI. 
16 12 15 
25 23 29 
29 20 29 
21   13   21 

859 N.MI. 
13 10 12 
21 20 24 
24   17   25 
17 12   17 

12 
1 1 
18 
22 
15 

2 N.MI. 
9 10 

18' 2 2 
17 23 
11   15 

1022 N.MI. 
11 9 11 
19 19 23 
22 18 24 
16   12   16 

14 
2.1 
2 6 
2 0 

807 N. 
1 1 
2 1 
18 
12 

Ml . 
13 
2 5 
26 
IV 

342 N.MI. 
11   11    14 
22 22   28 
27   21   28 
20 14   20 

376 N.MI . 
15 12 15 
27 25 29 
3 1   2 3   2 9 
23 15   22 

651 N.MI. 
14 12 14 
2 5 2 3 2 6 
29   21   27 
21 14   21 

290 N.MI. 
16 
2H 
32 
2 1 

1 1 
25 
22 
14 

15 
29 
SO 
/ 1 

2 14 N.MI. 
I'. 
2 f 
12 
2 5 

1 5 
2 6 
2 4 

16 

15 
2v 
10 
21 

• HiaurtiMn--coMinnEO TOR  A    450-Kt   AIRSPEI-D. 

♦•Ä--lHNOttS   ANNUAL   EUUIVAllNT    HtADwlNOS   FOR 
"INUi.    SI<.NS    iHNi.TI     HtADMINOS. 

P*».! 120 

1ND1CAUD Pt« CENT R I L 1 Ab I L I T I fc S . 

iHt BOEING COMPANY 
laANSPORI DIVISION 

NO.  06-9176 



tijUIVALfcwr  HHAOKINDS ANU  STAMDAKIJ  DEVIATION   IN  K\OTS  I-OR GRLAF  CIRCLE  AIR  ROUTES 

I 
I 

I 
» 

I 

I 
I 

HEIGHT 

IN 

FEET 

EQUIVALENT HEADWINDS« 

JAN      APR 
D    1 

JUL 
R   E   C    T 
ocr  «»ASO A/'S      A8S 

MONTREAL TO ST. JOHN 
55,000   HO 21*   !6 2V 
1*0,000   61* U2   U2 52 
10,000   60 UO   U1 1*6 
20,000   UÜ 27   26 i2 

MONTREAL TO TAMPA 
55,000  -2i -12    1 -12 
1*0,000  -SU -21*   -5 -26 
50,000  -31 -18   -7 -22 
20,000  -22 -12   -6 -11* 

MONTREAL TO TORONTO 
55,000  -1*0 -21»  -1.5 -28 
1*0,000  -65 -K2  -58 -49 
50,000  -61* -58  -55 -1*5 
20,000  -1*2 -25  -23 -30 

MONTREAL TO VANCOUVER 
55,000  -51 -18  -16 -25 
1*0,000  -HU -28  -56 -38 
50,000  -U6 -30  -31* -38 
20,000  -52 -20  -23 -26 

MONTREAL TG WASHINGTON, D.C. 
5 5,000  -22 -10   -2 -15 
140,000  -ill -20  -12 -28 
50,000  -52 -18  -15 -25 
20,000  -25 -10   -8 -16 

NASHVILLE 10 MLW YORK 
5 5,000   U/ 50    6 26 
1*0,000   Hi i*r   2U i*H 
50,000   6U U3   22 U1 
20,000   U3 28   16 2/ 

NASHVILLE 10 ST. LOUIS 
55,000  -38 -27   -9 -20 
1*0,000  -5H -U2  -25 -58 
50,000  -51 -37  -IB -52 
20,000  -53 -25  -12 -2 1 

NASHVILLE 10 TULSA 
55,000  -50 -56   -6 -26 
HO.000  -70 -56  -23 -50 
50,000  -6/ -UÖ  -16 -UO 
20,000  -UM -52  -12 -21* 

NASHVILLE TO WASHINGTON, D.C. 
55,O0ü   UV 52    5 26 
MO.OOO   7 3 50   2 2 1*9 
50,000   66 UU   19 HI 
20,000   1*6 50   15 26 

NtW OKLEASS TO NEW YORK 
5 5.000 
UO.OOO 
50,000 
20,000 

i* 1 

i9 

53 
id 

26 
1.2 
'.ft 
2U 

- l 
1 l 
l i 
8 

20 
UO 
55 
20 

26 
50 
1+6 
51 

-1 1 
-22 
-18 
-12 

-25 
-U8 
-UU 
-29 

-22 
-5? 
-56 
-25 

■1 1 
-2 5 
-21 
- I 5 

26 
Uö 
Ul 
27 

-22 
-UO 
-55 
-2 1 

22 
5H 
52 
20 

NEW   ORLEANS    TO   ST.   PtTEKSttURG 
•J5,000 

1*0,000 
50,000 
23,000 

Ui 
60 
l»9 
30 

Ji 
•>ft 

26 

1 f 
J? 
28 
I u 

2U 
UO 
51 

16 

NEW   ORLEANS    IC   SHHLVEPORT 
5 5.000 
UO.OOO 
50,000 
20,000 

• 56 - 50 
■ -, <; - U 9 
- u u -48 

-<■ f - 2 H 

0 -17 
-9 -57 
- 7 -7* 
- 2 - 1 5 

15 
30 
26 
1 7 

-22 
-58 
-3U 
-2U 

-38 
-68 
-66 
-U5 

-29 

-1*8 
-U9 
-51* 

-23 
-1*2 
-UO 
-28 

12 
27 
22 
1U 

-36 
-61 
-5U 
-36 

27 1 1 
U8 26 
U 1 2 1 
27 13 

6 
18 

15 
9 

5 
16 

9 
20 
15 

9 

-28 
-U7 
-U2 
-30 

-U5 
•79 
-78 
-5U 

-55 
-5U 
-56 
-38 

•50 
-55 
-51 
■56 

5 
1 ! 
1U 

8 

-UU 
-72 
-65 
-U5 

-29 -U5 -55 
-50 -75 -86 
-Ul -65 -77 
-26 -hi -52 

U 
16 
12 

I 

JAN      APR 
RETURN 

JUL      OCT A50 A75  A85 

-1*1 -2t* -16 -30 
-67 -UU -UU -5U 
-63 -U3 -U2 -U8 
-U2 -28 -27 -33 

18 
22 
21 
1 7 

38 
62 
60 
UO 

30 
U2 
U5 
30 

18 
21 
21 
17 

-U8 
-7U 
-68 
-U f 

3 5 

U9 
UU 
29 

U9 
75 
6 5 
U 5 

-UU 

-63 
-51 
-51 

-20 -55 -U5 52 
-56 -S8 -69 UU 
-28 -ua -59 :   58 
-15 -50 -58 1  2M 

9 
16 
12 
9 

23 
39 
35 
25 

18 
27 
28 
19 

a 
1 5 
1 1 
6 

-31 
-50 
-U6 
-30 

25 
58 
35 
25 

36 
5U 
U6 
5 1 

12 
56 
5 3 

22 

15 
3U 
32 
22 

-6 

-25 
- 1 I 

8- 
2 3 
i r 
11 

5 
22 
15 
1 1 

-56 
-58 
-us 
-27 

28 
4 ', 

22 

10 
20 
i r 
12 

27 
U6 
U2 
29 

2U 
36 
36 
25 

15 
21 
19 
15 

-27 
-5 1 
-UU 
-28 

19 
5U 
2 8 
19 

26 
UH 
58 
25 

-50 -35 -5 -27 
■7b -53 -2U -51 
-69 -U7 -20 -UU 
-U7 -31 -15 -27 

-UU -28 0 -22 
-66 -U7 -13 -UU 
-59 -UO -12 -36 
-UO -26 -9 -22 

5 -18 
-U -39 
-U -30 
-2 - 1U 

16 
■u 

26 
lu 

-27 -39 -U6 
-52 -72 -83 
-U8 -69 -81 
-32 -U7 -55 

8 
15 
1 5 
10 

2U 
U5 
Ul 
28 

2 1 
5 5 

35 
2U 

9 
15 
1U 
10 

i a 
5 2 

ZU 
1 >. 

-1 
0 
0 
0 

12 
26 
2 1 
13 

lU 
2U 
2 3 

16 

-25 -U2 
-U2 -6U 
-52 -52 
-\7 -51 

u 
12 

I 
2 

7 
16 
1 1 
6 

1 1 
18 
16 
1 1 

-2 -7 
-3 -13 
-U - 1U 
-5 -10 

-27 -U5 -51 
-U9 -70 -82 
-U3 -65 -77 
-28 -UU -53 

20 8 3 
35 16 6 
29 11 1 
19 7 0 

28 12 5 
U9 27 17 
39 18 9 
25 11 5 

-28 -U5 -52 
-50 -72 -85 
-U3 -66 -78 
-28 -U5 -5U 

-23 -58 -U5 
-U2 -62 -73 
-35 -56 -66 
-22 -37 -U5 

-U9 
-75 
-62 
-39 

-2 
2 

- I 
~U 

•HtAOxlNOS—COMPUItO FOR A  USO-M AIwSPtED. 
• •A--ilfc SOTl h ANNUAL EuUlVAltNl HtAOWttUS FOR 

"INUS Slv,Ni OENütt HCAOHINOS. 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

18 
50 
56 
2U 

1U 
22 
21 
1 7 

18 
29 
55 
2U 

I 1 
15 
18 
1 5 

18 
29 
5 1 
2 3 

16 

26 
25 
20 

19 
2 9 
29 
22 

18 
2 8 
2 8 
21 

17 
27 
25 
2 1 

1U 
22 
21 
1 7 

16 
2U 
21 
1 ! 

1 7 
2H 
26 
19 

INDICAUO PER CENT RELlAblLlTltS. 

THE BOt INC. tOUPASY 
IB&NSPORT OIVISIO»« 

331 N.M1. 
16 13 15 
27 26 29 
32 23 30 
23   15   23 

1 130 N.MI. 
13 9 13 
22 17 22 
22   1U   21 
17 9   16 

16 
28 
3 1 
23 

273 N. 
13 
25 
23 
15 

1986 N. 
8    7 

15   15 
18   1U 
13   10 

16 
27 
50 
22 

16 
26 
2! 
20 

1 7 
28 
29 
22 

16 
27 
27 
20 

16 
27 
27 
21 

U23 N. 
12 
2U 
21 
1U 

66 3 N. 
I 1 
21 
1 7 
I I 

MI- 

15 

29 
30 
2 3 

Ml. 
9 

I 7 
1ft 

1 3 

Ml. 

15 

28 
29 
22 

Ml . 
1U 
26 
26 
19 

235 N.MI. 
12 16 
23 28 
18 30 
12   2 1 

UU5 N.MI. 
II 15 
21 ?6 
17 2 8 
11    19 

U87   N.MI. 
11 15 
21 27 
17 27 
12 20 

1025 N.MI. 
1U 9 15 
23 18 22 
2 3 lU 22 
17    9   16 

16 
25 
22 
16 

1 7 
27 
26 
1H 

1*16 N. 
10 
18 
1U 
9 

MI. 
16 
22 
21 
15 

235 N.MI. 
11 16 
21 25 
16 25 
10   1 7 

NO. 
PAGE 

06-9 1 It 
12 1 



LtUlVALENT   htAOHlUOS   AND   STANOAKU   DtVIATION    IN   KNOTS   FOR   GrttAT   CIRCLE   AIR   ROUTES 

HEIGHT E   U   U   I */   A   E E   N   T H    E A   D W   I   N 0 s« STANDARD OEVU T I ON 
IM D I    R   E C    T R   E T   U R   N 

FtfcT JAN APR JUL OCI ••A50 A75 A85 JAN APR JUL 00 T A50 A75 AÖ5 JAN APR JUL OCT 

MLK   ORLEANS TO   TAMPA M23   N • Ml. 
Si, 000         14.5 3 5 -5 18 2M 3 -5 -MM -36 5 -18 -25 -U2 -1*9 16 16 10 16 
XO.OOÜ         6Ü 56 5 58 MO 16 5 -63 -59 -M -39 -M2 -65 -76 2M 25 18 22 
iO.OOO         UV MM 3 29 31 1 1 2 -52 -M5 -M -30 -32 -53 -62 21 22 IM 2 1 
?o,ooo      io 26 1 IM 16 M -1 -31 -27 -2 -IM -17 -3 1 -39 17 16 9 IS 

NEWPORT   NEWS    TO   NEW   YORK 2M5   N .MI. 
'15,000        2r 13 0 I 7 13 1 -5 -31 -16 -1 -19 -16 -30 -38 19 18 12 16 
HO,000          33 2M 1 1 51 21* s -5 -MS -31 -15 -37 -3 1 -52 -63 30 29 2M 29 
50,000         32 22 1 3 27 22 M -S -M2 -29 -15 -32 -28 -M8 -60 30 30 20 29 
20,000         2? IM 10 19 16 i -M -32 -17 -1 1 -21 -19 -3M -1*3 23 23 13 22 

NEW   YQi-tK    TO NORFOLK 251   N .MI. 
b5,00U      -28 -IM 0 -1 7 -|l* -27 -35 2 3 1 1 -1 IS 1 1 - 1 -7 19 18 12 16 
HO,000      -kü -28 -12 -5M -28 -M8 -59 28 20 9 28 21 1 -9 30 29 2M 29 
50,000      -38 -25 -1 5 -29 -25 -MS -56 2 6 19 1 1 2M 19 1 -9 30 50 19 2 9 
?0,000     -29 -15 -10 -19 -17 -52 -MO 23 12 9 1 7 IM 1 -6 23 23 13 22 

NEW   YORK    TO PHOfcNlX 1866   N .MI. 
') 5,000      -1*3 -52 -'■> -25 -2 7 -39 -MS M2 31 9 2S 27 IS 9 12 1 ! 8 10 
1*0,000    -n -SO -32 -1*6 -M8 -65 -7M 68 M8 30 M3 M6 32 25 19 18 IS 18 
50,000     -6? -MS -2M -39 -MO -57 -67 60 M2 23 36 38 2M 18 20 19 12 18 
?0,00ü     -u 1 -29 -1 7 -2M -26 -38 -MM 39 28 16 23 25 IS 1 1 IS IM 8 13 

NEW   YORK    IÜ PIt rsuuRGH 293   N .MI. 
53,000     -uv -51 -1? -30 -29 -MM -S3 M8 5 1 1 1 29 2 9 IS 9 19 1 7 12 16 
KG,000     -n -52 -38 -55 -SM -75 -87 75 SO 56 51 52 32 21 29 29 2M 29 
50,000      -Th -1*9 -32 -M7 -M8 -71 -8M 72 M6 31 MS M7 27 17 30 30 20 30 
?0,000      -t)l -a -22 -51 -53 -M9 -59 M9 52 22 3C 31 17 10 2 5 23 13 22 

NEW   YOKK    Tb PCHTL AND, ME. 238   N. MI. 
Si.OOO         31 16 S 22 18 6 - 1 -35 -18 -6 -2 3 -19 -33 -Ml 19 1 7 12 16 
M 0. 0 0 0         1» 6 29 22 5 8 5 5 1 5 3 -SM -5M -26 -i*3 -39 -60 -71 30 29 26 3 0 
50,000         Ui< 27 2? 33 SO 10 0 -52 -32 -25 -37 -55 -57 -69 35 52 22 30 
?0,000      a 19 IS 2 5 21 7 0 -37 -22 -16 -25 -2M -MO -MS 2M 2M IM 25 

Ni W   YORK    10 RALEIGH 570   N. Ml. 
53,000      -37 -21 -2 -2 1 -19 -3M -M2 33 19 1 2 0 \J M -2 18 17 12 16 
MO,000      -53 -57 - 17 -M 1 -36 -57 -68 M3 51 iM 5 7 31 1 1 1 2 8 28 2 5 2 8 
30,000      -50 -34 -16 -36 -52 -53 -6M M 1 29 IM 32 27 10 1 28 29 18 28 
20,000      -36 -2 1 -12 -2 3 -22 -57 -M6 32 18 1 1 2 1 19 7 0 22 22 1? 21 

NEW   YORK    10 RICHMOND 250   N. Ml. 
55,000      -58 -21 -5 -23 -20 -55 -M3 5M 19 2 21 18 j -1 19 18 12 16 
HÜ.OOO      -5b -58 -20 -M5 -58 -60 -71 MS 52 1 7 58 52 1 5 2 50 29 2M 2 9 
50,000      -'>? -55 - 19 -3? -31* -56 -67 M 5 50 17 5 3 29 1 1 1 50 50 20 50 
20,000      -5M -22 -IM -2M -23 -39 -M8 5M 19 15 22 21 7 0 2 3 , 23 1 5 22 

NEW   YOKK    TO ROCHEStER, N. Y. 229   N. Ml . 
S 1,000      -51* -2M -12 -20 -22 -3M -M 1 51 22 1? 19 20 9 3 19 1 7 13 16 
MO,000      -5H -59 -55 -57 -M 1 -62 -73 50 35 5 1 52 56 17 7 50 2 9 2S 29 
50,000      ~Sb -58 -28 -53 -57 -59 -70 M8 5M 26 28 5 3 IM 3 52 51 22 50 
20,000      -56 -27 -19 -22 -25 -MO -M9 52 2S 18 19 2 3 9 2 2M 2M IM 2 3 

NtX    YORK     TO St.    LOUIS 773   N. MI. 
55,000      -09 -52 -10 -29 -29 -M5 -51 M8 51 10 28 28 15 9 16 15 1 1 IM 
MO,000      -Jf -52 - 5S -52 -5 5 -75 -8M 75 SO 5 5 SO 50 52 23 26 25 21 2 5 
50,000      -72 -MH -29 -M6 -M6 -67 -80 7 0 US 27 MM MM 2 7 18 2S 2 6 17 26 
2 0,000      -MV -52 -20 -50 -51 -M6 -55 M8 50 20 2 9 50 1 7 1 1 20 20 12 19 

'-(I W    YORK    to SAN   FRANCISCO 22M0   N. MI . 
5 3,000      - 5H -2 7 - 1 i -25 -25 -3M -59 57 26 1 5 2M 2M 16 12 1 1 10 r 9 
MO,(100      -nl -M? -MO -MM -1*6 -59 -66 59 MO 58 M 1 Ml* 52 26 1 7 16 14 1 1 
50,000      -')•> - $9 - 11 -58 -59 -53 -61 52 il 50 5S 57 26 20 19 18 12 18 
2 0,000      -ih -25 -20 -25 -26 -5S -Ml 55 2M 20 25 25 16 12 iM 1 5 8 1 5 

Hi r,    YOAK     10 StATI -L 2098   N. Ml . 
Si, 000      -3<i -2? -15 -25 -2 3 - 51 - 56 33 21 IS 25 22 IS 1? 1 1 9 7 9 
MO,000      -52 -5S -59 -M 1 -Ul -S5 -60 50 55 57 59 J9 2 8 22 16 IS IS IS 
50,000      -S,' -3M - $H - 5^ - 59 -52 -59 U9 32 55 57 5? 2S 19 19 18 1U 18 
20.000 -3S -2M -22 -27 -2 7 -56 -Ml 51* 22 2^ 26 2S ! T 1 5 IM 1  5 9 1  5 

• HtAOMINOS—COMPUTtO   FOR    A      USO-K I   A1KSPEE0. 
••A — IHNOnS   AMNUAl    EMJiVAltNl   HEADMINOS   FOR    INÜICÄIEI 

"INUS    SIl.NS   IHNGU    HLAOWINOS. 

P»W 1/2 

PER CENT HELI Abll I I US. 

THf BOEING COMPANY 
IRANSPORl DIVISION 

1)6-9 1 76 



EOUIVALfcNI HEADWINDS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

i 

I 
i 

HEIGHT 

IN 

FEET 

EQUIVALENT 

JAN      APR 
DIRECT 

JUL      OCT   »»ASO 

H E A D W I N D S» 

NEW YORK TO TAMPA 
53,000  -29 -16 2 
UO.OOO  -HI -32 -5 
30,000  -36 -2U -6 
20,000  -26 -17 -7 

NEW YOKK TO 
53,000 -147 
1*0,000 -7b 
50,000 -72 
20,000  -i*V 

TOLEDO 
-31  -13 
-50  -39 
-i*7  -33 
-33  -23 

NLW YORK TO TORONTO 
55,000  -37 -25  -13 
UO.OOO  -6 1 -1*1  -36 
30,000  -59 -1*0  -30 
20,000  -3V -28  -2 1 

NEW YOKK TO TUCSON 
53,000  -i*i* -33   -8 
1*0,000  -71 -52  -28 
30,000  -63 -1*6  -22 
^0,000  -1*1 -29 -\b 

-11* 
-30 
-25 
-16 

-29 
-51 
-1*6 
-30 

-23 
-l* 1 
-36 
-21* 

-25 
-1*6 
-38 
-23 

NEW YORK TO WEST PALM BEACH 
53,000  -21 -10    3  -10 
1*0,000  -30 -21*   -1  -23 
30,000  -26 -17   -3  -19 
20,000  -18 -12   -6  -13 

NEW YORK TO YOUNGSTOWN 
55,000 
1*0,000 
50,000 
20,000 

OAKLAND 
55,000 
1*0,000 
30,000 
20,000 

-1*7 -31 -13 -2 9 
-76 -51 -59 -51 
-!i -1*8 -53 -1*6 
-SO -33 -23 -3 1 

TO PHOENIX 
51   23 
1*6   38 
39   31* 
25   20 

5 
18 
15 
7 

1 7 
30 
21* 
12 

OAKLAND TO SALT LAKE CUV 
55,000 
1*0,000 
30,000 
20,000 

2 7 
59 

5 5 

2.' 

22 
51 
2 a 
is 

lu 
5 5 
26 
16 

IV 
3 5 

25 
15 

OKLAHOMA   CITY    TO   ST.    LOUIS 
55,000 
1*0,000 
50,000 
20,000 

59 
oft 
56 
56 

50 
1*5 
5V 
^5 

5 
2 0 
11* 
1 I 

2 1 
5 9 

50 
19 

ONTARIO TO   SAN   FRANCISCO 
55,000 -28      -20        -2      -15 
UO.OOO -i*2      -55      -1U      -26 
50,000 -56      -32      -II      -2 1 
2 0,00 0 -21*       -17 -6      -11 

PANAMA CiTY TO TAMPA 
55,000 
1*0,000 

Se-rOOO 
20,000 

53 
M5 
3 7 
23 

JO 

37 
.; i 

11* 
29 
2 5 
10 

PHILAUtLPHIA TO   PlITStilJR&H 
55,000      -UF -32      -12      -29 
1*0,000      -78 -5?      -58      -51 
40,000      -7U -*9      -31      ~hi 
20,001'      -5 1 -5i*      -22      -30 

-9 
-19 
-15 
-1 1 

18 
52 
26 
15 

20 
55 
28 
18 

25 
Ul 
52 
21 

A75      A85 

-13 -27 -33 
-26 -45 -51* 
-22 -38 -1*7 
-15 -27 -31* 

-29 -1*3 -50 
-53 -73 -85 
-1*8 -69 -81 
-32 -U8 -57 

-23 -36 -1*3 
-1*1* -61* -75 
-1*0 -61 -73 
-27 -U2 -50 

-28 -39 -1*5 
-1*8 -65 -75 
-1*0 -58 -67 
-25 -38 -i*i* 

18 
50 
/U 

1 5 

-20 
-36 
-30 
-22 

10 
i r 
11 

6 

9 
2 1 
1 5 

8 

3 
10 

7 
2 

-27 
-1*5 
-39 
-28 

-29 -1*3 -5! 
-53 -71* -86 
-1*8 -70 -83 
-32 -1*9 -58 

6 ! 
15 6 
9 1 
3 -3 

5 
1 1 

l* 
2 

-15 -28 -35 
-28 -1*8 -58 
-21* -1*5 -55 
-13 -27 -55 

■29 -UU -52 
■53 -75 -87 
-Ufl -71 -8ii 
■52 -U9 -59 

JAN      APR 
RETURN 

JUL      OCT A50 A75  A85 

21* 
31 
28 
22 

15 
18 
17 
11* 

?7 
58 
52 
22 

u .' 
7 5 
I? 
It 9 

13 -3 12 
21* 3 25 
19 5 21 
II* 6 11* 

28 
1*8 
1*3 
29 

1*6 30 12 
7 3 1*8 37 
70 1*5 32 
1*7 31 22 

31* 21* 12 
55 38 33 
5 3 36 28 
35 26 20 

1*3 32 7 
69 1*9 27 
60 1*3 21 
UO 28 15 

7 
16 
10 
9 

1*6 30 12 
71* 1*9 37 
70 1*6 32 
U8 3? 22 

-32 -21» 
-1*9 -1*1 
-1*2 -36 
-27 -21 

19 
52 
2 9 

16 

2 

10 

9 

6 

-36 -31 
-5 1 -1*9 
-Ul -39 
-2 5 -2 3 

5 1 
50 

5 5 

12 
it) 
5 0 
21 

21 
36 
32 
22 

21* 
UU 
36 
22 

-3 8 
0 17 
2 15 
5 I I 

28 
U9 
U3 
2 9 

-U -18 
-2 1 -32 
-15 -26 
-8 -13 

-29 -23 -IU -20 
-U3 -33 -37 -35 
-39 -31 -27 -28 
-2U -19 -17 -16 

-Ul -31 -6 -22 
-70 -US -22 -U2 
-60 -U2 -15 -33 
-38 -27 -11 -20 

1U 
2 3 
19 
10 

2 -15 
■6 -32 
-5 -25 
-3 - 1 1 

2H 

U5 
29 

1 1 
20 
1 7 
13 

28 
51 
U6 
31 

2 2 

UO 

36 

25 

27 
U6 
38 
2U 

6 -U -9 
12 -3 -11 
10 -3 -10 
9 0 -5 

28 
51 
U6 
51 

1 U 
25 
21 
12 

2 8 

5 1 

h6 
5 1 

15 
3 1 
26 
I 7 

15 
5 1 
26 
I ' 

9 
21 
16 
10 

-19 -31 -38 
-35 -53 -63 
-28 -U7 -57 
-16 -29 -37 

-20 -31 -37 
-37 -5U -63 
-31 -U9 -58 
-19 -3 1 -38 

-?U -39 -U7 
-UU -66 -79 
-35 -58 -70 
-22 -37 -U6 

-3 
-5 
-6 
-6 

-20 -36 -UU 
-3U -55 -66 
-27 -U5 -55 
-13 -if -35 

STANDARD DEVIATION 

JAN  APR  JUL  OCT 

87U N -MI. 
0 -5 15 15 10 11« 
u -5 23 2U 18 23 
3 -U 21 2 3 IU 22 
3 -2 17 17 9 16 

U56 N.MI. 
15 9 18 16 12 15 
3! 22 28 27 23 27 
26 17 28 2 V 20 28 
17 1 1 22 22 13 

318 N. 

21 

Ml. 
1 1 5 18 16 13 15 
21 1 1 29 28 2U 28 
1 7 7 31 3 1 21 30 
1 1 U 23 23 IU 22 

1852 H. MI. 
1U 8 12 1 1 8 10 
31 23 19 18 15 18 
23 17 20 19 12 IB 
15 10 15 1U 8 13 

8 
20 
16 
10 

15 
2 3 

21 

17 

18 

29 
3 0 
23 

17 
27 
30 
2! 

17 
27 
50 
22 

18 
2 9 
29 
22 

18 
28 
51 
2 3 

16 
26 
2? 
1H 

IV 
5 0 
29 
2u 

•HCAONINOS- 

• •A 01 NOUS 
HIMUS   SiuNS 

CUMPulfcO   FOR   A      U50-KT    AlrtSPfctO. 

ANNUAL    tUUlVAllNI   HEADWINDS   FOR    INDICATED   PER   CENT    RELI Ab IL1TI £S. 
DFNCTl   HLADWINDS. 

THE    BOEING   COMPANY 
TRANSPORT   DIVISION 

15 
23 
22 
1 7 

17 
28 
30 
25 

15 
2 5 
26 
19 

IU 
25 
27 
20 

89U   N, 
9 

17 
IU 

9 

315   N, 
12 
2 k 
20 
IU 

MI . 
15 
23 
21 
15 

HI. 
16 
2 8 
30 
22 

560   N.MI. 

11 13 
21 2U 
19 2 3 
12 17 

5 10   N.MI . 

1 1        13 
22 26 
20 26 
13 19 

U01    N.MI . 
16 12 15 
27        22 27 
2T        17        28 
20 12 19 

16 
26 
28 
2 0 

1 7 
26 
2 5 
I 7 

1 7 
29 
5 1 
2 5 

316   N.MI. 
12 IU 
22 26 
2>         25 
13 IB 

213   N. 
1 1 
19 

15 
9 

2 51   N. 
1 3 
2U 
2 0 

1 5 

MI. 
18 
2U 

22 
15 

MI . 
16 
2 9 
50 
23 

NO. 
PA« 

06-9 176 



tbUIUALCNT   HbADnlNOS   AND   STANDAKO   DfcVIATICN    IN   KNOTS   FCM   GREAT   CIKCLt   AI«   rtOUTtS 

HtlGHT E    Q U    I    V A   L E   N   T  H_E A   D M    I   N D   S« STANDARD DEVIA TION 
IN D   I R   E   C T R   E T   U   R N 

FhtT JAN APR JUL OCT   ••A50 A75 Aa5 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

PHILAUbLPHU TO   ROCHESTER,    N • V. 223   N .MI. 

Si.OOO -22 -1 7 -10 -12 -14 -26 -32 17 15 9 10 12 1 -4 19 17 13 16 
UO.OOO -41 -27 -24 -23 -28 -48 -59 29 2! 21 15 22 2 -8 30 2 9 2 5 29 

■so,000 -39 -2 7 -19 -20 -25 -46 -57 28 21 16 14 19 0 -10 31 31 21 30 

20,000 -24 -20 -13 -1 3 -17 -31 -40 18 17 1 1 10 14 0 -7 24 24 14 23 

PHILADELPHIA TO   ST.    LOUIS 705   N .Ml. 

5.5,000 -4 9 -53 -10 -29 -29 -44 -52 48 32 10 28 29 15 9 16 15 II 14 

UO.OOO -78 -53 -34 -52 -53 -73 -85 76 51 32 49 51 32 23 26 2 5 21 26 

30,000 -73 -40 -2? -46 -46 -68 -80 70 4 6 26 43 44 26 17 26 2 6 17 26 

20,000 -50 -32 -20 -30 -31 -47 -56 48 5i 19 29 30 17 1 1 20 2 0 12 20 

PHILADELPHIA TO    SAN   JUAN 373   N M I . 

53,000 16 16 3 7 9 1 -3 -2 0 -18 -3 -8 -1 1 -2 1 -27 13 13 8 12 

40,000 22 1 7 6 9 13 1 -5 -30 -24 -8 -13 -18 ~3I -39 19 20 13 18 

30,000 20 16 5 6 ! 1 0 -5 -25 -2! -5. -9 -14 -26 -34 18 1 7 1 1 16 
20,000 1 1 9 -1 -2 3 -4 -8 -13 -1 1 0 1 -5 -14 -19 13 13 7 1 ! 

PHILADELPHIA TO   YOUNGSIOWN 262   N. MI. 

53,000 -45 -30 -13 -2 7 -27 -42 -50 43 29 12 26 26 14 8 19 17 1,5 16 

40,000 -74 -50 -38 -48 -51 -73 -84 71 47 36 44 49 28 18 29 29 2 4 2 9 

30,000 -7 1 -47 -3! -43 -46 -68 -8 1 68 44 30 40 43 24 14 29 50 20 30 

2 0,000 -40 -53 -21 -28 -31 -47 -57 46 32 21 27 30 15 8 24 2 5 14 2 3 

PHOENIX TO   SAN   DIEGO 263   N. MI. 

55,000 - 55 -3 1 -5 -20 -22 -36 -43 34 31 4 19 21 a 1 19 16 12 15 

40,000 -53 -4H -27 -35 -40 -59 -69 51 46 25 34 38 20 1 1 28 26 21 2 5 

50,000 -46 -41 -1 7 -28 -31 -50 -61 4 3 3 9 16 26 29 12 4 51 26 18 22 

20,000 -28 -24 -9 -1 5 -17 -30 -39 27 24 9 12 16 5 -1 22 19 1 1 1 7 

PHOENIX TD   SAN   ERANCISCO 565   N. Ml. 

5 5,000 -32 -25 -4 -18 -19 -32 -38 51 24 4 17 18 6 1 17 14 11 13 

40,000 -49 -4 1 -21 -32 -35 -53 -63 46 38 19 30 32 15 6 27 2 5 20 24 

30,000 -42 -57 -15 -26 -28 -47 -57 39 3 4 14 24 26 10 1 29 2 6 19 23 

20,000 -27 -2) -8 -1 .5 -16 -29 -37 25 20 a 12 15 3 -2 21 19 12 17 

PITTSBUKGH   10 RALEIGH 285   N. MI . 

5 3,000 4 7 7 2 5 -6 -12 -10 -10 -7 -5 -8 -19 -24 18 1 7 12 16 

40,000 1 1 9 12 -1 8 -10 -21 -26 -17 -15 -7 -16 -35 -45 28 2 9 2.5 2 a 
50,000 1 1 H 6 0 6 -1 1 -20 -24 -15 -8 -6 -13 -31 -40 26 29 18 29 

20,000 5 10 4 0 4 -a -15 -12 -1 5 -5 -3 -8 -2 1 -29 22 22 13 21 

PITTSUURGH   TO ST. PETERSBURG 764   N. MI . 

55,000 - 14 -6 4 -6 -5 -15 -2 1 B 2 -4 4 2 -8 -12 15 15 10 15 
40,000 -20 -14 5 -16 -1 1 -28 -57 7 5 -5 9 3 -12 -20 2 5 24 18 2 3 

50,000 - 1 7 -9 0 -1 3 -9 -24 -52 7 2 -1 8 5 -10 -17 21 25 15 2 3 

20,000 -1 5 -5 -2 -8 -6 -1 7 -23 8 2 2 6 4 -6 -1 1 18 18 10 16 

PORTLAND»   OKI. .    TO RENO 386   N. MI. 

5 5,000 16 6 -2 6 6 -k -9 -18 -8 1 -8 -7 -18 -24 i 7 15 1 1 13 

40,000 IV 14 1 12 1 1 - ! -16 -25 -18 -5 -17 -16 -34 -44 28 2 6 25 2 8 

30,000 Ih 1 ! 1 I 5 1 1 -a -18 -24 -18 -4 -17 -15 -35 -46 5 1 29 25 2 9 

20,000 12 7 2 5 6 7 -14 -15 -9 -5 -7 -8 -22 -30 24 2 1 14 2 1 

POHtlA\ Di    ORE .    TO SALT LAKfc    ( -ITY 546   N. MI. 

55,000 2V 1 7 8 20 18 8 3 -50 -18 -9 -21 -18 -29 -36 16 14 11 13 

40,000 4 1 2B 22 32 50 1 5 4 -43 -30 -24 -35 -33 -51 -60 26 24 22 27 

50,000 59 2 7 19 50 28 10 0 -42 -30 -22 -32 -31 -50 -60 50 28 21 28 

20,000 26 1 7 1 5 18 18 6 -1 -27 -18 -14 -20 -19 -52 -40 21 20 1 5 19 

PORTLAND,    URt .    TO SAN FRANCISCO 477   N. MI . 

'>5,000 f 0 -6 0 -1 -10 -15 -10 -1 5 -1 -1 -1 1 -17 17 14 11 14 

40,000 b 4 -8 0 0 -1 7 -26 -12 -9 4 -5 -5 -23 -33 27 25 22 27 

50,000 5 M -5 2 1 -17 -2,' -12 -a 3 - I -5 -24 -35 51 2 8 22 ZH 

20,000 4 ! -2 -1 0 -1 5 -19 -7 -5 0 -1 -2 -15 -25 25 2 1 14 20 

PUS 11 AND,    ORE .     TO SPOKANE 2 59   N .Ml . 

55,00(1 I- 15 114 20 i.' P 2 -19 -16 - 14 -21 -17 -27 -53 1 7 15 12 1 3 

4 0,000 2H 21 22 27 2 4 ! -5 - 52 -2 5 -23 -31 -27 -US -55 27 26 24 /9 

50,000 50 22 24 26 25 6 -5 -54 -25 -25 -30 -28 -ua -59 51 51 ?4 5 1 

2 0,000 20 16 16 20 IH u -5 -22 -if -17 -22 -19 -ii -41 25 22 16 22 

•HtAOHiNOS—COMPUtEO   TOR    A      4SÖ-KI    AIRSPEED. 
• •A--UINOTIS   ANiNUAL   tuUlVALLNI   HEADWINDS   FOR    INDltAUD   PER   CENT    RLE 1 AM 1 L I I 11 S . 

*1NUS    SII.NS   »EHOIl    HlADXlMlS. 
THfc    bOEIHO   COMPANY 

fAUl        \/» THANSPOKT   DIVISION 
NO.        D6-VI76 



,., 

EQUIVALEMT HEAOMINOS AND STANDARO DEVIATION IN KNOTS FOR GRtAT CIRCLE AIR ROUTES 

I 

I 
I 
I 

HEIÜHT £   Q  U   I V   A   L E   N   T         H E   A   D W     I N   D   S» STAf *OARL DEVIl VT I ON 
IN D I   R   £ C   T R E   T   U R   N 

FEET JAN APR JUL OCT • •A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL ÜCT 

PRINCE 
5i,000 

GEORGE   TO 
6         -1 

VANCOUVER 
-3        -2 0 -10 -14 -9 0 2 1 -1 -1 1 -16 17 14 

283   N.MI. 
12          13 

UO.OOO 6 -1 -1 -2 1 -15 -24 -1 1 -2 -1 -3 -4 -20 -29 24 25 23 25 
50,000 3 -1* -2 -7 -5 -21 -32 -8 1 -I 2 -2 -20 -31 28 29 25 29 
?ü,000 0 -1* -1 -5 -2 -16 -23 -3 2 0 2 0 -13 -20 22 21 16 20 

PRINCE RUPERT   TO VANCOUVER 4 08   N • MI. 
53,000 25 10 6 14 13 3 -2 -24 -1 1 -6 -15 -13 -24 -29 16 14 1 1 12 
1*0,000 50 17 16 23 21 5 -4 -32 -19 -17 -26 -24 -40 -49 24 22 23 25 
iO.OOO 2fl 15 15 1 7 19 0 -10 -51 -18 -17 -21 -22 -4 1 -51 28 29 25 29 
20,000 1 / ! 10 12 12 -2 -9 -19 -9 -1 1 -15 -13 -2 7 -35 25 21 16 20 

PROVIDENCE    TO   WASHINGTON,    D ,C. 509   N .MI . 
^i,000 -1*1* -25 -7 -28 -25 -40 -48 42 24 7 27 23 10 4 19 1 7 12 1 6 
40,000 -65 -U5 -30 -50 -47 -68 -79 59 41 27 47 4 5 25 12 30 29 24 29 
30,000 -65 -42 -27 -Uä -42 -64 -fb 57 58 2 5 40 58 19 9 51 5 1 20 50 
20,000 -l*b -28 -19 -29 -28 -45 -54 42 26 18 27 27 1 5 6 25 2 5 15 22 

ÜUEBEC TO   SEVEN    ISLANDS 285   N .MI. 
Si,000 2V li* 10 2 5 18 r 2 -31 -15 -1 1 -24 -19 -31 -38 18 15 15 15 
HO,000 i*i* 22 21* 59 32 15 5 -48 -24 -28 -43 -35 -55 -65 28 25 2 5 28 
50,000 1*0 22 22 56 29 10 -1 -44 -26 -26 -40 -33 -54 -65 52 5 1 24 50 
20,000 28 11* 16 2 1 19 5 -2 -30 -16 -1 7 -24 -2 1 -36 -44 25 25 16 22 

REGINA TO   WINNIPEG 287   N .Ml . 
S?,000 29 1 f 16 2 5 20 12 r -30 -17 -16 -24 -2 1 -31 -36 16 12 1 1 13 
MO.OOO '* 1 21* 58 54 54 18 9 -42 -25 -39 -36 -35 -52 -60 22 21 2 2 28 
50,000 U2 25 5 5 55 53 16 6 -45 -27 -34 -35 -35 -52 -62 26 26 2 2 28 
20,000 2V 19 22 25 25 12 6 -30 -20 -25 -26 -24 -36 -43 19 17 15 19 

RENO   TO SALT LAKE CITY 366   N. MI . 
S5,000 50 25 11* 21 2 1 1 1 6 -31 -25 -14 -2 1 -21 -32 -38 17 15 1 1 14 
1*0,000 4 5 55 5 6 5 5 57 19 9 -46 -55 -57 -37 -39 -57 -66 28 26 23 28 
50,000 5V 50 27 28 50 12 5 -42 -35 -28 -30 -33 -52 -62 32 29 21 28 
20,000 2'> 19 1 7 1 7 19 r 0 -26 -20 -18 -18 -20 -33 -40 2 3 21 15 20 

KtNC)   TO SEATTLE 490   N. MI . 
^5,000 -16 -5 2 -6 -5 -16 -22 1 4 4 -3 4 4 -5 -10 17 14 1 1 13 
1*0,000 -2 1 -11* -2 -1U -12 -30 -40 15 1 1 -1 9 a -9 -18 21 25 25 2 8 
50,000 -20 -11* -2 -11* -12 -51 -42 14 to - 1 10 8 -1 1 -21 50 28 22 2 9 
20,000 - 12 -6 -2 -6 -6 -19 -27 9 4 0 5 4 -9 -16 25 21 14 20 

ROCHESTER,    N .Y.    TO   WASHINGTON,    0. ;. 258   N. M I . l>5,000 - 6 5 5 -2 1 -10 -16 ,-3 -6 -6 0 -4 -14 -20 19 17 13 1 6 
1*0,000 0 2 7 -6 1 -18 -28 -15 -9 - 1 1 -2 -9 -28 -39 50 29 24 2 9 
50,000 1 5 5 -5 1 -18 -28 -14 -10 -6 -2 -8 -27 -57 50 5 1 2 1 JO 20,000 0 6 2 -3 1 -12 -20 -7 -9 -4 -1 -5 -19 -27 2 4 2 5 14 2 5 

SAGUENAY   TO >EVEN ISLANDS 207   N. 
13 

MI . 
1 6 

•j5,000 55 16 Ü* 2 7 2 2 10 4 -34 -17 -14 -28 -22 -35 -41 18 15 
U0,000 1* V 25 51 U6 57 18 8 -51 -27 -34 -48 -40 -59 -70 28 25 2 5 2 8 
50,000 i*u 2 6 50 4 2 55 15 4 -47 -29 -32 -45 -38 -59 -70 52 51 2 4 5 0 
20,000 }1 16 21 25 2 5 9 1 -55 - 1 7 -22 -27 -24 -39 -4 7 25 25 16 22 

ST.    JOHNS    U) SYDNEY 
512   N. 

15 
MI . 

I ! ■j.i.OOO - 57 -21 -1 7 -29 -25 -58 -45 5 6 20 16 28 24 12 6 21 16 
UO.OOO -S« -39 -1*1* -57 -49 -69 -80 55 37 42 5 5 1»? 2! 17 5 0 28 26 JO 50,000 -57 - 58 -1* 1 -53 -47 -68 -80 54 56 5 9 50 44 2u 13 54 51 25 5 0 
20,000 -i*U -25 -26 -54 -51 -46 -55    | 58 25 2 5 33 2V U. 6 2e 24 1 7 25 

ST.   LOUIS   TU 
S5,000     -iJ 

SAN    EKANCISCO 
-2H      -11       -25 -?4 -55 -40    1 5 6 28 1 1 2 5 2 4 1U 10 1 5 

1504   N. 
1 1                  H 

MI . 
I     1 

1*0,000 -6 0 -1*2 -56 -42 -44 -59 -6? 5 8 40 5 5 59 42 2 9 22 2 1 1 V 1 6 
t     1 

2 0 
20 

50,000 -SI -5H -2 7 -5^ -56 -51 -59    : u8 56 26 52 54 2 1 »5    1 2 5 2 0 1 4 20,000 - 5S -2i* -17 -? 1 -23 -55 - 59 5 1 25 \b 20 ?2 1 5 B   : 16 15 9 

M.   LOUIS   to ! AMPi 
^,000 22 19 u t 1 1 5 3 -2 -2? -22 -5 -15 -16 -27 -54 15 1 S 

756   N. 
10 
1 s 

Ml, 
14 
2 5 
2 5 
16 

10,000 26 26 '.? 20 21 6 -2 -5(5 -55 - 14 -26 -27 -44 -55 2U 21* 
50,000 ?5 23 e 16 17 3 -u -52 -29 -9 -20 -2 1 -57 -4 T 2? 2 5 
2 0.000 15 IS s » 10 1 -u -19 -17 -6 - 1 1 -12 -24 -30 18 1 i 

• MtAI)i«INOS--COMPUItD   FOR   A      i*SC-KT    4IKSPEEÜ. 
■•4--0kN0TtS   ANNUAL    EuUlVALENI    HtiO*lNüS   FOR 

«INliS   SI UNS   OfcNOTt   Mt in-I NO S. 
INDICATED   PER   CENT    RELIABILITIES. 

THE   «OF I NO   COMPANY 
TRANSPORT   DIVISION 

SO. 
PAbf 

06-9 1^6 

125 



LWUIVALLNT HtADrtlNDS A.MO STANOAKD DtVlAflON IN KNOTS FOK GRtAT CIRCLfc AI« ROUTES 

HtIGHT E   Q U    I    V A   L E   N    T H   E A   D W    I   N D   S« STANÜARU OEVIA TICN 

IN U    i K   E   C T R   E T   U <   N 

Fter JAN APR JUL OCT   • •A50 A7S A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL OCT 

St.    LÜUIS    10 TULSA 301*   N .MI. 

bl.OOO -1*2 -31 -6 -23 -21* -39 -U7 39 29 5 22 23 9 3 18 1 7 12 15 

UÜ.GOO -TO -tu -22 -1*2 -1*1* -66 -79 66 1*1* 20 39 1*1 20 10 29 27 23 27 

JO.000 -60 -1*1 -16 -3i* -35 -58 -71 56 38 15 3 1 32 1 5 4 50 2 8 18 29 

?0,000 -58 -27 -12 -2 1 -22 -38 -47 56 25 1 1 19 21 8 2 22 21 12 20 

ST.    LOUIS    TO WASHINGTON,    D.C 623   N .MI. 

b-i.OOO U9 5 5 9 28 29 15 8 -50 -3I4 -10 -28 -29 -I4I4 -52 17 16 II 11* 

40,000 76 b2 31 1*9 51 51 22 -78 -SU -52 -51 -53 -7*4 -85 26 26 21 26 

50,000 (0 1*6 25 1*2 1*14 25 16 -72 -1*8 -26 -145 -1*6 -68 -80 26 27 17 27 

20,000 kB 51 18 28 29 16 10 -I49 -32 -19 -29 -30 -1*6 -55 21 20 12 20 

ST.    PCTERSBUW G   TO WASHINGTON ,    Ü.C 71U   N MI. 

s^ooo IV 10 -1* 9 8 -3 -8 -2H -lU 5 -1 1 -to -2 3 -30 15 16 10 15 

uo.ooo 214 19 - 1 2 0 1U -2 -10 -35 -27 - 1 -25 -22 -i»0 -50 25 2 5 18 21* 

.50.000 2 1 15 2 1 7 12 -2 -9 -30 -19 -3 -21 -1 7 -33 -U3 21 25 15 2 2 

20,000 It! 10 1* 1 1 10 0 -5 -22 -13 -5 -13 -12 -21* -31 18 1 7 9 16 

SALT    LAKE   CITY   TO SAN THANCISCO S19   N. MI. 

'j^.OOO -29 -23 -U -20 -20 -51 -37 27 22 11* 19 20 10 5 17 Ht 1 1 13 

U0,000 -1*5 -53 -57 -5C) -57 -51* -63 39 31 35 52 514 1 7 8 2 7 25 22 2 6 

iO.OOO -39 -31 -27 -28 -31 -UR -58 55 2 8 26 25 28 1 1 2 50 27 20 26 

20,000 -2*4 - !9 - 1 r -16 -19 -51 -58 22 18 16 15 18 6 - 1 22 20 13 19 

SAN   DltüO    TO SAN FRANCISCO 389   N. MI. 

'>5,000 -26 -18 0 -13 -1 5 -25 -33 214 16 0 12 12 1 -S 18 15 12 11» 

UO.OOO -57 -52 -9 -2 5 -25 -14 1* -514 55 29 6 20 21 14 -6 27 26 21 25 

50,000 -55 -29 -a -19 -2 1 -1*0 -50 29 26 6 16 18 1 -a 3 0 27 20 2U 

20,000 -22 -16 -i* -9 -1 1 -25 -32 20 lU 3 8 10 -2 -8 22 2 0 12 17 

SANOSPIT   TO   VANCOUVER 1*06   N. MI. 

bi.OOO 2 b 12 8 1 7 15 5 0 -26 -1 5 -8 -18 -16 -26 -32 16 1U 12 13 

i»0,000 51* 22 20 29 26 10 1 -36 -2I4 -21 -52 -28 -US -5U 2l4 2 5 23 26 

50,000 52 21 18 2 5 2U 5 -6 -35 -21» -20 -2 7 -26 -US -56 28 29 25 29 

20,000 2 1 1 1 1 5 1 ! 15 1 -6 -23 -13 -lU - 19 -17 -31 -58 25 21 17 21 

SA.M   FRANCISCO ro SLATTLE 589   H. MI. 

S3,000 -10 -i 5 -1 -1 -1 t -16 7 -1 -6. -1 -1 -10 -15 1 7 11) n 13 

i* 0, 0 00 - 1 1 -8 U -5 -5 -22 -51 5 5 -7 0 0 -1 7 -26 2 6 25 22 27 

50,000 -1 1 -7 5 -6 -S -23 -33 14 2 -6 1 0 -17 -27 50 27 22 28 

20,000 -6 -2 1 0 -1 -114 -2 1 3 0 -2 -2 0 -13 -19 22 20 114 20 

SAN   FRANCISCO 10 WASHINGTON, Ü.C. 2 116   N, MI . 

')5,000 5" 2 8 12 214 25 16 1 1 -39 -28 -12 -25 -25 -35 -U! 1 1 10 7 9 

'*0,000 6 1 1*2 56 i* 1 Ul* 52 26 -6I4 -1414 -38 -1414 -1*6 -60 -67 18 1 7 15 18 

50,000 bi 58 2 8 JS 5^ 25 19 -56 -UO -29 -57 -39 -S3 -61 19 18 12 18 

?0,000 5') 2S 18 25 ?U 16 12 -37 -26 -19 -214 -25 -35 -Ul lu i J 8 i 5 

SASKATOON    10 WINNIPEG 381    N. Ml . 

S5,000 JO lb 11* 21* 20 1 1 7 -30 -16 -15 -214 -20 -30 -36 16 12 10 1 5 

1*0,000 59 22 52 52 5 1 16 T -UO -23 -Jl* -314 -3 5 -148 -57 22 2 0 21 26 

50,000 HI 2 5 2V 52 51 lU 5 -1*2 -25 -31 -314 -33 -50 -59 25 25 21 27 

20,000 2V 19 2 0 ?L> 2 5 12 6 -30 -20 -21 -26 -214 -55 -U2 18 1 7 1U 18 

SAULl    SU..    MAK1E 10   TORONTO 266   N. Ml . 

'>5,000 50 19 1 5 21 2 0 9 1* -52 -20 - Hi -22 -21 -53 -59 1 ! 15 15 15 

1*0,000 U7 5 ! 5 6 5'. 17 19 V -52 -314 - 59 -59 -1* 1 -•>•> -69 28 27 2'* 2 0 

50,000 i*(. 52 32 5 5 55 16 5 -52 -55 -514 -37 -59 -5V -7') 5 1 5U 25 5 0 

2 0,00U i2 22 22 22 2H 10 5 -55 -21* -25 -2i* -26 -1* ) -u / 21* 23 15 25 

SHRf VI 1 C.ti     Jl TUL SA 21* 7   H MI. 

■> i.OOG -2/ -IM -S -1 1 - 12 -2U -50 16 1 1 5 9 9 -1 -1 18 1 7 12 16 

1*0.000 -26 -2 5 -12 -2 5 -21 -59 -U9 12 15 10 1 ! IK -14 -1 5 5 0 2 8 2 1 7 6 

50,000 -21 - IV -9 -2 0 -16 - 514 -1*5 11 1 5 H 15 1 1 -5 -lU 29 27 1? 28 

?0,00U - IS - 1U -6 -1 1 - 1 1 -25 -50 1 1 1 1 5 9 9 - 5 -9 2/ 20 1 1 19 

SVHACUSt    !C,   HASH INC, TON ,   D.C. 259   N .MI. 

S5,00Ü - IS -S 2 -10 -7 -19 -25 10 2 -2 U 14 -7 -15 IV ! 7 1 5 16 

"•0,000 -?(' - 12 -u -20 - 1 5 -55 -UK 6 u - 1 12 5 -lu -2U 50 2v 2 5 29 
50,000 - iv -10 -6 -1 I -12 -52 -1*5 6 5 J 1 1 5 _i 5 -25 51 51 21 JO 
?Q,000 - in - 5 -1* -1 1 -H -22 -50 8 0 2 fl u - V -17 2U 2 5 U 25 

•Hf AOn INOS — COMPUI Lt) FOR 4   USO-KT AlHS^ttD. 
• •*—OtMOIlS ANNUAL fUUlVALENl HtADMlNDS FOR  INDICATED REH CENT REHAolLIIIES. 

*1NU>. <U.NS »ENOU nfAn«INDS. 
THE HOEING COMPANY 

»•A^t   \fb TRANSPORT DIVISION 
NO.  06-9 176 



ttiUiVALENT HEADrtlNOS AND STANDARD DEVIATION IN KNOTS FOR GREAT CIRCLE AIR ROUTES 

I 

1 

I 

HtlOHT 
IN 

E   C U   I    V A   L E   N   T H   E A   D W   I   N D   $• STANDARD DEVIATION 
D I   R   £ C   T R   E T   U R   N 

FtET JAN      APR JUL OCT • •A50 A75 A85 JAN APR JUL OCT A50 A75 A85 JAN APR JUL      OCT 

TAMPA    TO   TORONTO 953   N.MI. 
55,000 T          2 -i* i* 2 -7 -12 -13 -5 3 -6 -5 -15 -20 U II* 10         1U 
"40,000 5           U -5 9 3 -12 -20 -19 -12 2 -15 -I 1 -26 -35 23 23 18        22 
30,000 5            1 -1 8 3 -10 -17 -16 -8 -1 -13 -9 -23 -31 21 22 15        22 
20,000 7            1 1 6 3 -6 -12 -12 -i* -2 -8 -6 -16 -22 17 17 10         16 

TERRACE TO   VANCOUVER 375   N.MI. 
53,000 20           8 U 1 1 10 I -i* -22 -9 -5 -13 -1 1 -22 -27 16 lit 12         12 
40,000 26         13 12 18 17 1 ~8 -29 • 16 -11* -22 -20 -36 -U5 2!« 22 23        25 
30,000 21«         U 12 13 15 -1» -li* -28 -15 -11» -17 -18 -37 -i«7 28 29 25        29 
20,000 11*          5 8 9 9 -1* -12 -17 -7 -9 -12 -1 ) -2i* -32 2 3 21 16         20 

TOLEDO TO   WASHINGTON, D.C. 351   N.MI. 
53,000 39        27 12 23 21* 12 6 -1*1 -29 -12 -2U -25 -39 -i*7 18 17 12         16 
U0,000 66        1*1« 31* 39 U5 25 16 -71 -1*7 -36 -1*3 -1*8 -69 -80 29 28 2 3         28 
30,000 62         1*0 26 35 39 20 1 1 -67 -1*1* -28 -39 -1*2 -61* -76 28 29 19         29 
20,000 1*2         30 18 21* 27 13 6 -45 -31 -19 -26 -29 -U5 -51* 23 23 13        22 

' 
TORONrO TO   VANCOUVER 1801«   N.MI. 
53,000 -32      -19 -15 -25 -22 -30 -35 31 19 15 25 22 11* 11 1 1 9 8           9 
U0,000 -ur   -30 -37 -39 -38 -50 -57 U5 29 36 37 36 25 19 16 15 15         18 
30,000 -UÖ      -31 -31* -39 -37 -50 -58 1*5 29 32 37 35 23 16 19 19 15         19 

1 20,000 -33     -22 -22 -27 -25 -35 -1*0 32 20 22 26 25 16 1 1 lU 13 10         1U 

1 TülUJNTO TO   WASHINGTON, D.C. 313   N.MI. 
53,000 10         1 1 8 6 8 -2 -8 -16 -13 -8 -8 -1 1 -22 -28 18 17 13         16 
U0,000 21          15 17 9 16 -3 -13 -31* -22 -21 -16 -23 -1*2 -53 29 2 8 21«         28 
30,000 21         16 12 8 1U -U -11* -33 -22 -15 -15 -2 1 -39 -50 29 30 20         30 
20,000 1U         15 9 6 10 -3 -10 -20 -18 -10 -9 -11* -28 -36 23 2 5 lU         22 

TORONTO TÜ   WINDSOR 210   N.MI. 
5 3,000 -28      -18 -12 -20 -19 -30 -36 26 16 12 18 1 7 1 1 18 15 13        15 
1*0,000 -!*('       -31 -35 -35 -37 -56 -66 1*0 27 32 50 32 li* i* 29 27 25        28 
30,000 -1*?      -33 -31 -33 -35 -55 -66 39 29 28 28 31 12 1 32 51 23         30 
20,000 -31       -2? -2 1 -21 -23 -38 -U6 27 20 20 19 2 1 7 0 21* 25 15        23 

TORONTO TO   WINNIPEG 8 11   N.MI . 
53,000 -31*      -20 -15 -2i* -22 -32 -38 33 19 15 21* 22 13 8 15 12 10         12 
UO.OOO -5 1      -33 -U! -1*1 -1*1 -57 -65 u« 51 59 58 59 21* 16 22 21 20         21* 
30,000 -50      -31* -36 -39 -39 -56 -65 1*7 52 55 56 57 21 13 26 2 5 19         25 
20,000 -35      -23 -25 -26 -27 -39 -1*6 33 22 21* 25 26 U 8 19 18 13         18 

VANCOUVER    TO   WINNIPEG 1006   N.MI. 
53,000 27        17 15 24 20 12 8 -27 -17 -15 -21* -20 -29 -33 1 5 I 1 9         10 
MO.OOO 36        23 29 3 3 30 1 7 10 -58 -25 -5 1 -35 -32 -1*5 -55 19 18 19         22 
30,000 39         2U 29 31* 5! 16 9 -1*1 -26 -50 -57 -33 -1*8 -57 22 22 18         21* 
20,000 2 7         18 19 2 5 22 12 6 -29 -18 -20 -26 -23 -3 5 -39 16 IS 12          16 

MA SHING TON,    O.C. TO   WEST    PALM   BEACH 71*6   N.M] . 
5^,000 - It*          -6 U -6 -5 -15 -22 8 2 -u I* 2 -7 -12 IS IS 10          15 
1*0,000 -20      -16 J -16 -12 -28 -57 8 ! -1) 10 5 -10 -1« 2 5 2i* 18         23 
30,000 - 1 7         -9 0 -1 3 -9 -2 3 - 51 8 5 -1 9 u -V -16 20 22 11*          22 
20,000 -12         -7 -u -V -7 -18 -25 a U 3 a 5 -1* -y 1 1 1 I 9          15 

W 1 WSOK TO   WINNIPEG 6 11    N.MI. 

■ 53.000 - ', 3      - 1 9 -16 -25 -22 -52 -58 5 5 \<> 15 21* 22 11 !', 15 12 11          13 1 40,000 -1*9      -3 1 -U2 -i* 1 -U 1 -56 -65     1 U 1 29 «C 5'i 39 2 5 15 22 ? i 2 1          2 6 1 50,000 -t»a    -32 -3 7 - 3 9 -39 -56 -65     i U6 50 56 J7 37 20 1 1 26 2S 2J         26 
20,000 -31*      -22 -25 -21 -27 -59 -46 33 21 25 26 26 IM !', 2^ 19 13         19 

• MfcAOWlNOS — CO^PUIEO   FOR    A      tobO-tU   AHSPEED. 
•4 — OE*OUS   ANNUAL    EJUIVALENI   MtAOwINOS   FOR    INOICAIEO   PER   CENT   RELI Ab ILITI ES. 
MlftlUS   Sl«NS   OfcNOtt   HiaDwlNDS. 

THE   öüEIN',  CC«P&N/ 

raANifO«!  aivisiON 
NO.      u5- 
PAGt 

91 76 
127 



TABLE 5 

LIST OF AIRPORTS WITH GEOGRAPHICAL COORDINATES, 

ELEVATION AND LENGTH OF LONGEST RUNWAY 

D6-9176 

J 
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I 
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i 
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I 
I 

I 

CITY 

TABLE 5.  LIST OF AIRPORTS 

AIRPORT CODE  LAT. LONG. ELEV.  RUNWAY 

; 

o  ,N 0 ' W Ft. Ft. 

Abilene, Texas, USA Abilene ABI 32.25 99.41 1778 6,000 
Akron, Ohio, USA Akron-Canton CAK 40.55 81.27 1228 5,600 
Alamogordo, N. Hex., USA Holloman AFB ALM 32.51 106.06 4094 12,100 
Albany, Ga., USA Albany ABY 31.32 84.12 196 5,000 
Albany, N. Y., USA Albany Mun. ALB 42.45 73.48 288 5,000 
Albuquerque, N. Mex., USA Kirtland AFB ABQ, 35.03 106.36 5352 12,800 
Alexandria, La., USA England AFB AEX 31.20 92.33 89 9,300 
All en town, Pa., USA Al 1entown-Bethlehem- 

Easton 
ABE 40.39 75.26 391 6,100 

Amarillo, Texas, USA Amari1lo AFB/Muni AMA 35.14 101.42 3607 13,500 
Anchorage, Alaska, USA Anchorage Int'1 ANC 61.1 1 150.00 124 10,600 
Anderson, S. C, USA Anderson Muni AND 34.30 82.43 782 5,000 
Annette Island, Alaska, USA Annette ANN 55.02 131.34 119 7,500 
Ashevil le, N. C, USA Ashevi11e-Henderson- 

vil le 
Atlanta Muni. 

AVL 35.26 82.32 2161 6,500 

Atlanta, Ga., USA ATL 33.39 84.26 1024 7,800 
Atlantic Ci ty, N. J., USA Atlantic Ci ty NAFEC NBB 39.27 74.35 76 10,000 
Augusta, Ga., USA Bush Field AGS 33.22 81.58 142 5,300 
Augusta, Me., USA Augusta State AUG 44.19 69.47 357 4,200 
Austin, Texas, USA Muel1 er Muni. AUS 30,. 18 97.42 632 6,400 

Bakersfield, Gal if., USA Meadows Field BFL 35-26 119.03 514 5,700 
Baltimore, Md., USA Friendship Int11 BAL 39.10 76,40 146 9,400 
Bangor, Me., USA Dow AFB BGR 44.48 68.49 202 11,400 
Baton Rouge, La., USA Ryan BTR 30.32 91.09 70 6,000 
Beaumont, Texas, USA Jefferson Co. BUJ 29-57 94.01 15 5,700 
Big Mountain, Alaska, USA BMX 59.22 155.15 663 4,200 
Big Spring, Texas, USA Webb AFB BGS 32.13 101.31 2561 8,800 
Billings, Mont., USA Logan Field BIL 45.48 108.32 3606 8,600 
Binghampton, N. Y., USA Broome Co. BGM 42.13 75 ■ 59 1629 5,600 
Birmingham, Ala., USA Bi rmi ngham Mun i. BGM 33.34 86.45 643 10,000 
Bisbee, Ariz., USA Bi sbee-Douglas Int'1 DUG 31.28 109.36 4158 7,500 
Bismark, N. Dak., USA Bi smark Mun i. BIS 46.47 100.45 1653 5,200 
Boise, Idaho, USA Boi se Air Termi nal BOI 43.34 1 16.13 2858 9,000 
Boston, Mass., USA Logan Int'1 BOS 42.22 71.00 19 10,000 
Bowling Green, Ky., USA Warren Co. Muni. BWG 36.58 86.26 539 5,200 
Bozeman, Mont., USA Gal latin Field BZN 45.47 111.10 4461 5,200 
Bristol, Tenn., USA Tri-C i ty Muni. TRI 36.29 82.24 1519 6,600 
Brownsville, Texas, USA Harli ngen AFB HRL 26.13 97.39 35 6,000 
Brunswick, Ga., USA McKi nnon SSI 31.09 81.23 20 4,300 
Buffalo, N. Y., USA Greater Buffalo Int1 1 BUF 42.56 78.44 711 5,600 
Burbank, Calif., USA Lockheed Air Terminal BUR 34.12 118.22 775 6,500 
Burlington, Vt., USA Burli ngton Mun i. BTV 44.28 73.09 335 7,800 
Butte, Mont., USA Si 1ver Bow Co. Apt. BTM 45.57 112.30 5554 6,800 

Calqary. Alb., CANADA Ca1gary YYC 51.06 114.01 3557 8,700 
Carlsbad, N. Mex., USA Carlsbad Mun i , CNM 32.30 104.16 3276 6,600 
Casper, Wyo., USA Casper Air Terminal CPR 42.55 106.28 5348 10,600 
Castlegar, B. C, CANADA YCG 49.18 117.38 1620 4,800 
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CITY 

Cedar Rapids, Iowa, USA 
Charleston, S. C, USA 
Charleston, W. Va., USA 
Charlotte, N. C, USA 
Chattanooga, Tenn., USA 
Cheyenne, Wyo., USA 
Chicago, 111., USA 
Cincinnati, Ohio, USA 
Cleveland, Ohio, USA 
College Station, Texas, USA 
Colorado Springs, Colo., USA 
Columbia, S. C, USA 
Columbus, 6a., USA 
Columbus, Ohio, USA 
Comox, B. C, CANADA 
Concord, N. H., USA 
Corpus Christi, Texas, USA 
Cranbrook, B. C, CANADA 

Dallas, Texas, USA 
Dawson City, Y. T., CANADA 
Dayton, Ohio, USA 
Daytona Beach, Fla., USA 
Denver, Colo., USA 
Des Moines, Iowa, USA 
Detroi t, Mich., USA 

Dothan, Ala- 

Easton, Pa., 

USA 

USA 
Edmonton, Alb., CANADA 
Elko, Nev., USA 
Elmira, N. f.,   USA 
El Paso, Texas, USA 
Ely, Nev., USA 
Eugene, Ore., USA 
Evansvilie, Ind., USA 

Fairbanks, Alas.,. USA 
Fargo, N. Dak., USA 
Fayettevi1le. Ark., USA 

Fitchburg, Mass., USA 
Flint, Mich., USA 
Florence, S. C, USA 
Ft. Lauderdale, Fla., USA 
Ft. Meyers, Fla., USA 
Ft.   Nelson,   B.   C,   CANADA 
Ft.   St.   John,   B.   C,   CANADA 

AIRPORT 

Cedar  Rapids  Muni . 
Charleston AFB/Muni . 
Kanawha  Co. 
Douglas  Mun i. 
Lovel1   Field 
Cheyenne Muni •• 
O'Hare  Chicago Int'1 
Greater  Cincinnati 
Cleveland-Hopki ns 
Easterwood   Field 
Peterson   Field 
Columbia 
Muscogee  Co. 
Port  Columbus 

Concord Muni. 
Corpus Christi Int11 

Love Field 

Dayton Muni. 
Daytona Beach Muni. 
Stapleton Ai rfield 
Des Moines 
Detroit Metropolitan 
Wayne Co. 

Dothan 

CODE LAT.  LONG.   ELEV. RUNWAY 
"     lN 0   '   W Ft. Ft. 

CID 41.53 91.42 863 5,400 
CHS 32.5^ 80.02 45 9,000 
CHW 38.22 81.36 982 5,600 
CLT 35.13 80.56 748 7,500 
CHA 35.02 85.12 682 6,200 
CYS 41.09 ]0k.kS 6156 9,300 
ORD 41.59 87.54 667 11,600 
CUG 39.03 8k. kO 890 8,600 
CLE 41.25 81.51 789 9,000 
CLL 30.35 96.22 319 5,200 
COS 38.49 \0k.k3 6172 9,100 
CAE 33.57 81.07 244 5,200 
CSG 32.31 84.57 397 5,000 
CMH 40.00 82.53 816 10,700 
VdQ 49.43 124.54 83 8,000 
CON 43.12 71.31 345 5,000 
CRP 27.46 97-30 44 5,600 
YXC 49-32 115.46 2997 4,900 

DAL 32.51 96.51 485 7,700 
YdD 64.03 139.05 1211 4,000 
DAY 39.54 84.13 1008 7,000 
DAB 29.11 81.03 34 5,700 
DEN 39.46 104.53 5331 10,000 
DSM 41.32 93.-39 957 7,500 
YIP k2.]k 83.21 639 10,500 

DHN 31.14  85.27 330 4,000 

Ft. Smith, Ark. USA 

Easton ABE 40.44 75.15 380 2,200 
Edmonton Int' 1 YXD 53.19 113.35 2373 11,000 
Elko EK0 40.50 115.48 5135 6,400 
Chemung Co. ELM 42.09 76.54 951 4,700 
El Paso Int'l ELP 31.48 106.23 3939 11,000 
Ely ELY 39.18 114.51 6258 6,000 
Mahi on-Sweet Field EUG 44.08 123.13 365 5,500 
Dress Memorial EVV 38.03 87.32 389 6,000 

Fai rbanks Int'1 FAI 64.49 147.51 434 10,300 
Hector Field FAR 46.55 96.49 900 7,100 
Fayettevi1le-Drake FYV 36.00 94.10 1250 5,000 

Field 
Fi tchburg Muni. FIT 42.33 71.45 350 4,500 
Bi shop FNT 42.58 83.45 781 5,000 
Florence Muni. FLO 34.11 79.43 146 6,000 
Broward Co. Int'1 FLL 26.04 80.10 10 6,500 
Page Field FMY 26.35 81.52 17 5,000 

YYE 58.50 122.35 1253 6,400 
YXJ 56.14 \20.kU 2280 6,700 

Ft. Smi th Mun i. FSM 35.20 94.22 468 8,000 
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I 
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I 

1 

CITY 

Ft. Wayne, Ind., USA 
Ft. WiI!lam, Ont., CANADA 
Ft. Worth, Texas, USA 
Fredericton, N. Brunswick, 
CANADA 

Fresno, Cali f., USA 
Gainesville, Fla., USA 
Gander, Nfld., CANADA 
Glens FalIs, N. Y., USA 
Goose Bay, Lab., Nfld, CAN. 
Grand Forks, N. Dak., USA 
Grand Junction, Colo., USA 
Grand Prairie, Alb., CANADA 
Grand Rapids, Mich., USA 
Great FalIs, Mont., USA 
Greensboro, N. C, USA 
Greenville, S. C, USA 

Halifax, N. S., CANADA 
Harrisburg, Pa., USA 
Hartford, Conn., USA 
Helena, Mont., USA 
Hobbs, N. Mex., USA 
Homer, Alaska, USA 
Honolulu, Hawaii, USA 
Hot Springs, Ark., USA 
Houl ton, Me., USA 
Houston, Texas, USA 
Huntington, W. Va., USA 
Huntsvi1le, Ala., USA 
Huron, S. Dak., USA 
Hyannis, Mass., USA 

Idaho FalIs, Idaho, USA 
Indianapolis, Ind., USA 

Jackson, Miss., USA 
Jacksonville, Fla., USA 
Jamestown, N. Dak., USA 
Joplin, Mo., USA 
Juneau, Alaska, USA 

Kansas Clty, Mo., USA 
Keane, N. H., USA 
Key West, Fla., USA 
King Salmon. Alaska, USA 
Knoxville, Tenn,, USA 
Kodiak. Alaska, USA 

AIRPORT CODE LAT. LONG. ELEV. RUNWAY 
o iN 

0 ' W Ft. Ft. 

Baer Field FWA 40.59 85.12 801 7,000 
Lakehead YQT 40.20 89.23 653 6,200 
Amon Carter Field ACF 32.50 97.03 568 8,400 

YFC 45-52 66.32 67 6,000 

Fresno Ai r Terminal FAT 36.46 119.43 331 7,! 00 
Gai nesvi1le GNV 29.42 82.16 155 5,000 
Gander Int11 YQX 48.57 53.34 496 8,600 
Warren Co. GFL 43.21 73.37 328 5,000 
Goose YYR 53.19 60.25 150 11,000 
Grand Forks Int11 GFK 47.56 97.06 836 4,900 
Walker Field GJT 39:06 108.32 4858 5,400 

YQU 55.11 118.53 2193 6,500 
Kent Co. GRR 42 .'54 85:40 692 5,700 
Great Falis Int11 GTF 47.29 111 .22 3671 9,000 
Greensboro-High Point GSD 36.06 79.57 922 5,500 
Greenvi11e Mun i. GRL 34.51 82.2! 1047 5,400 

Halifax Int'l YXF 44.53 63.31 476 8,800 
Harrisburg-York State HAR 40.13 76.51 347 5,000 
Brai nard BDL 41.44 72.39 18 3,400 
Helena HLN 46.36 111.59 3881 5,100 
Hobbs Mun i. HOB 32.46 103.13 3707 8,800 
Homer Muni. HOM 59.38 151.29 96 5,000 
Honolulu Int11 HNL 21.10 157.51 13 12,380 
Memorial Field HOT 34.29 93.06 535 5,000 
Houlton Int'1 HUL 46.07 67.48 493 5,000 
Houston Int'1 HOU 29.39 95.16 50 7,600 
Tri-State, HTS 38.22 82.33 828 5,300 
Huntsvi11e Mun i. HSV 34.41 86.35 619 5,200 
Howes Mun i. HON 44.23 98.14 1287 5,100 
Barnstable Muni. HYA 41.40 70.17 52 5,000 

Fanning Field IDA 43.31 1 12.04 4738 6,600 
Wei r Cook IND 39.44 86.17 797 7,300 

Hawkins Field JAN 32.20 90.14 343 5,400 
Imeson Field JAX 30.25 81.38 52 7,000 
Jamestown Muni . JMS 46.56 98.. 41 1498 5,700 
Jopli n JLN 37.09 94.30 980 5,500 
Juneau Mun i. JNU 58.21 134.35 26 6,400 

Kansas C i ty Mun i. MKC 39.07 94.36 758 7,000 
Dillant-Hopki ns EEN 42.54 72.16 482 4,500 
Key West Int'l EYW 24.34 81.46 4 4,800 

AKN 58.41 156.39 55 7,500 
McGhee-Tyson TYS 35.49 83.59 989 7,500 
Kodiak NAS NBH 57.45 152.29 77 7,500 

1 

I 
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CITY 

Laconia, N . H > USA 
Lafayette, La > USA 
Lake Charl es, La., USA 
Lakeland, Fla > USA 
Lancaster, Pa > USA 
Land 0'Lakes, W sc, U 
Lansing, H ich > USA 
Las Vegas, Nev. USA 
Lawrence, Mass. USA 

CANADA 

Lawton, Okla., USA 
Lebanon, N. H., USA 
Lethbridge, Alberta, 
Lewiston, Me., USA 
Lexington, Ky., USA 
Lincoln, Neb., USA 
Li ttle Rock, Ark., USA 
Long Beach, Cai if., USA 
Los Angeles, Calif., USA 
Louisville, Ky., USA 
Lubbock, Texas, USA 

Macon, Ga., USA 
Madison, Wise, USA 
Manchester, N. H., USA 
Martha's Vineyard, Vineyard 

Haven, Mass., USA 
Massena, N. Y., USA 
Mayo, Y. T., CANADA 
McAlester, Okla., USA 
Medford, Ore., USA 
Melbourne, Fla., USA 
Memphis, Tenn., USA 
Merced, Calif.. USA 
Meridian, Miss., USA 
Miami, Fla., USA 

USA 
., USA 
Paul, 

. USA 

AIRPORT 

Laconia Muni. 
Lafayette Mun i. 
Chennault AFB/Muni. 
Drane Field 
Lancaster 
Kings Gateway 
Capital City 
McCarran Field 
Lawrence 
Lawton Muni. 
Lebanon Regional 

Col lege Road 
81ue Grass Field 
Li ncoln AFB 
Adams Field 
Long Beach 
Los Angel es Int' 1 
Stand!ford 
Lubbock Muni. 

Macon Mun i. 
Madi son Muni. 
Hooksett-Manchester 
Martha's Vineyard 

Richards Field 

CODE LAT.  LONG.   ELEV. 

LCI 
LFT 
LKC 
LAL 
LNS 
LNL 
LAN 
LAS 
LWM 
LAW 
LEB 
YLQ 
LEW 
LEX 
LNK 
LIT 
LGB 
LAX 
SDF 
LBB 

Midland, Texas, 
MiIwaukee, Wi sc 
Mi nneapoli s/St. 

USA 
Missoula, Mont. 
Mobile, Ala., USA 
Modesto, Calif., USA 
Moline, 111., USA 
Moncton, New Bruns., CANADA 
Monroe, La., USA 
Monterey, Calif., USA 
Montgomery, Ala., USA 
Montpelier, Vt., USA 
Montreal, Que., CANADA 

McAlester Muni. 
Medford Mun i. 
Melbourne-Eau Gal lie 
Memphi s Muni. 
Merced Muni. 
Key Field 
Miami Int'l 
Mi dland Ai r Terminal 
Gen. Mi tchel1 Field 

Minn., Minneapolis/St. Paul 
Int'l 

Missoula Co. 
Bates Field 
Modesto-Ci ty-County 
Q.uad-Ci ty 

Selman Field 
Monterey Peninsula 
Danneliy Field 
Barre-Montpelier Muni 
Montreal Int'l 

MSS 
YMA 
MLC 
MFR 
MLB 
MEM 
MCE 
MEI 
MIA 
MAF 
MKE 
MSP 

MSO 
MOB 
MOD 
MLI 
YCiM 
MLU 
MRY 
MGM 
.MPV 
YUL 

0   'N 

43.3^ 
30.13 
30.13 
28.00 
40.07 
46.09 
k2.k7 
36.05 
42.43 
34.34 
43.38 
49-58 
44.07 
38.02 
40 .'51 
34.44 
33.49 
33.56 
38.11 
33.40 

MCN 32.41 
MSN 43.09 
MHT 43.04 
MVY 41.24 

44.56 
63-37 
34.53 
42.23 
28.06 
35.04 
37.17 
33.21 
25.48 
31.57 
42.57 
44.53 

46.55 
30.M 
37-38 
41.27 
46.07 
32.30 
36.35 

°   '  W 

71.26 
92.00 
93.10 
82.01 
76.18 
89.12 
84.35 

115.10 
71.08 
98.24 
72.18 

112.48 
70.11 
84.36 
96.46 
92.14 
118.09 
118.24 
85.44 
101.49 

83.39 
89.20 
71.28 

70.37 

Ft. 

552 
41 
19 

142 
403 
1706 
859 

2171 
165 

1108 
580 

3047 
210 
978 
1195 
257 
56 
126 
^97 

3256 

354 
859 
187 
68 

32 
44 

18 
12 

i*5.28 

74.51 215 
135.52 1625 
95.^7 770 
122.53 1330 
80.38 26 
89.59 291 
120.31 155 
88.45 297 
80.17 9 
102.12 2867 
87.54 702 
93.13 840 

114.05 3203 
88.14 217 
120.57 96 
90.3! 590 
64.i4l 232 
92.02 79 
121.51 220 
86.24 221 
72.34 1157 
73.^5 117 

RUNWAY 
Ft. 

3,500 
5,000 
11,400 
5,000 
5,000 
4,400 
5,000 
10,000 
5,000 
5,400 
5,500 
6,500 

5,500 
12,900 
7,000 

10,000 
12,000 
7,800 
8,500 

5,000 
7,600 
7,000 
5,000 

5,000 
3,200 
4,000 
5,400 
5,200 
8,900 
4,700 
8,000 

10,500 
6,600 
9,900 
8,200 

7,000 
6,000 
5,000 
5,500 
6,200 
5,000 
5,000 
8,000 
4,500 
9,600 
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I 

: 

CITY 

Muscle Shoals, Ala., USA 
Muskegon, Mich., USA 

Nantucket, Mass., USA 
Nashville, Term., USA 
New Bedford, Mass., USA 
New Bern, N. C, USA 
New Haven, Conn., USA 
New Orleans, La., USA 
Newport News, Va., USA 
New York, N. Y., USA 
Norfolk, Va., USA 
North Bay, Ont., CANADA 

Oakland, Calif., USA 
Ocala, Fla., USA 
Oklahoma City, Okla., USA 
Omaha, Nebr., USA 
Ontario, Cali f., USA 
Orlando, Fla., USA 
Ottawa, Ont., CANADA 
Owensboro, Ky., USA 

Paducah, Ky., USA 
Palm Springs, Calif., USA 
Panama City, Fla., USA 
Pendleton, Ore., USA 
Pensacola, Fla., USA 
Penticton, B. C, CANADA 
Philadelphia, Pa., USA 
Phoenix, Ariz., USA 

Pierre, S. Dak., USA 
Pittsburgh, Pa., USA 
Pittsfield, Mass., USA 
Pocatello, Ida., USA 
Port Hardy, B. C, CANADA 
Portland, Me,, USA 
Portland, Ore., USA 
Presque Isle, Me-, USA 
Prince George, B. C, CAN. 
Prince Rupert, B. C, CAN. 
Providence, R. I., USA 
Pueblo, Colo., USA 

Quebec, Que., CANADA 
Quesnel , B. C, CANADA 

AIRPORT CODE LAT. LONG. ELEV.  RUNWAY 

Raleigh, N. C, USA 
Rapi d City, S, Dak., USA 

0 »N c ' W Ft. Ft. 

Muscle Shoals MSL 3^.45 87.37 548 4,900 
Muskegon Co. MKG 43.11 86.14 628 5,000 

Nantucket Memorial ACK 41.16 70.04 48 5,000 
Nashvi1le-Berry-Field BNA 36.08 86.41 597 8,000 

New Bedford Muni. EWB 41.40 70.58 79 5,000 

Simmons-Nott EWN 35.04 77.03 18 4,800 

New Haven Muni. NHV 41.16 72.53 15 4,700 

Moi sant Int11 MSV 20.00 90.15 3 8,500 

Patrick Henry PHF 37.08 76.30 41 5,600 
N.Y. Int'l (Idlewild) IDL 40.38 73.47 12 14,600 

Norfolk Muni. ORF 36.54 76.12 26 5,000 
YYB 46.22 79-25 1215 8,200 

Oakland OAK 37-44 122.13 5 6,200 

Taylor Field OCF 29.11 82.09 84 4,000 
Wi11 Rogers OKC 35.24 97-37 1284 9,800 
Lincoln AFB OMH 40.51 96.46 1195 12,900 
Ontario Int'1 ONT 34.03 117.37 952 8,200 
Orlando Muni-Herndon ORL 28.33 81 .20 113 6,000 

YOW 45.19 75.40 374 8,800 
Owensboro-Daviess Co. OWB 37.45 87.10 407 5,000 

Barkley Field PUK 37.04 88.46 407 5,000 
Palm Springs PSP 33.50 116.30 448 7,000 
Fänni n PFN 30.13 85.41 14 4,900 

Pendleton Field PDT 45.41 118.50 1493 6,300 
Pensacola Muni. PNS 30.28 87.12 121 5,000 

YYF 49.28 119.36 1129 6,000 
Philadelphia Int'1 PHL 39.53 75.14 14 9,500 
Phoenix-Sky Harbor PHX 33-26 1 12.01 1 122 8,800 

Mun i . 
Pi er re Muni. PIR 44.23 100.17 1742 7,200 
Greater Pittsburgh PIT 40.29 80.13 1168 7,500 
Pi ttsfi eld Muni. PSF 42.26^ 73.18 1170 3,500 
Pocatello Mun i. PIH 42.55 112.36 ' 4448 8,300 

YZT 50.41 127.22 80 5,000 
Portland Mun i. PWM 43.39 70.19 66 5,000 
Portland Int11 PDX 45.35 122.36 23 8,800 
Presque Isle Mun i. PQ.I 46.41 68.03 534 7,400 

YXS 53-53 122.41 2268 5,700 
YPR 54. 1 7 130.27 111 6,000 

Green PVD 41.44 71.26 56 5,400 
Pueblo Memorial PUB 38.18 104.30 4725 8,800 

YQB 46.48 71.23 239 6,000 
YQZ 53.05 122.31 1789 5,500 

Ra1ei gh-Ourham RDU 35 52 78.47 435 5,500 
Rapid City Mun i. RAP 44,03 103.03 318! 6,200 
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CITY 

Reading, Pa., USA 
Regina, Sask., CANADA 
Reno, Nev., USA 
Richmond, Va., USA 
Roanoke, Va., USA 
Rochester, Minn., USA 
Rochester, N. Y., USA 
Rockland, Me., USA 
Rome, Ga., USA 
Roswell, N. Max., USA 
Rouyn-Noranda, due.,   CANADA 

AIRPORT CODE LAT. LONG. ELEV,  RUNWAY 

Sacramento, Calif. USA 
Saginaw, Mich., USA 
Saguenay, Que., CANADA 
St. John, N. B., CANADA 
St. Johns, Nfld., CANADA 
St. Louis, Mo., USA 

St. Petersburg, Fla., USA 

Salem, Ore., USA 
Sali nas, Calif., USA 
Salt Lake City, Utah, USA 
San Angelo, Texas, USA 
San Antonio, Texas, USA 
San Diego, Calif., USA 
Sandspit, B. C, CANADA 
San Francisco/Oakland, 
Calif., USA 

Santa Barbara, Calif., USA 
Santa Fe, N. Mex., USA 
«iaraci-.fa   Fin    IKA 

ianta Fe, N. Mex., USA 
Sarasota, Fla., USA 
I^kAt-nnn. Sa«;k.. CANADA 
aarasoca, ria., USA 
Saskatoon, Sask., CANAI 
Sault Ste. Marie, Ont., CAN. 
Savannah, Ga., USA 
Scranton, Pa., USA 
Seattle, Wash., USA 
Seven Islands, Q,ue., CAN. Seven Islands, Q,ue., 
Sharon, Pa., USA 
Sheridan, Wyo., USA 
Shreveport, La., USA 
Sioux City, Iowa, US 
Sioux Falls, S. Dak. 
c_r^!   D  r r/vki 

s 
s., 
Smi thers 
SOL 

USA 
. USA 
Dak., >, S.  , 

Smi thers, B. C, CANADA 
South Bend, Ind., USA 
Spartanburg, S. C, U! 
Spokane, Wash., USA 
^rM-t nnfi *»1 rl 

USA 

USA 
Spokane,   Wash.,   USA 
Springfield,   III.,   USA 
Springfield,   Mo.,   USA 

o iN 
0 ' W Ft. Ft. 

Gen. Spaatz Field RDG 40.23 75.58 343 5,100 
YQR 50.26 104.40 1893 6,900 

Reno Muni. RNO 39.30 119.46 4411 7,800 
Byrd Field RIC 37.30 77.19 167 8,000 
Roanoke Muni„ ROA 37.19 79.58 1174 5,400 
Rochester Muni«, Aprt. RST 43.55 92o30 1310 6,400 
Roches te r-Mon roe ROC 43» 07 77.40 560 5,000 
Rockland Muni. RKD 44 = 04 69.06 60 4,500 
Russell Fieki RMG 34.21 85.IO 644 4,500 
Roswel1 Muni. ROW 33.25 104.33 3623 5,600 

YUY 48.13 79.05 987 5,600 

Sacramento SAC 38.31 121.19 21 
Tri-City MBS 43.32 84.05 667 5,600 

YBG 48.30 71.00 
St. John Muni. YSJ 45.19 65.53 356 5,500 
Torbay YYT 47.47 52.45 484 7,000 
Lambert-St. Louis STL 38.45 90.22 571 10,000 

Muni . 
St.   Petersburg- 

Clearwater  Int'l 
Salem-McNary  Field 
Sali nas  Muni. 
Salt  Lake Ci ty  Muni 
Mathis   Field 
San Antonio  Int'l 
Lindbergh  Field 

San   Franci sco  Int'l 

Santa   Barbara  Muni. 
Santa   Fe Co.   Muni. 
Sarasota-Branden 

Hunter   Field   (Muni.) 
Scranton 
Seattle-Tacoma  Int'l 

Sharon 
Sheridan  Co. 
Greater   Shreveport 
Sioux Ci ty  Mun i. 
Foss  Field 

St.   Joseph Co. 
Spartanburg  Muni. 
Spokane  Int11 
Cap!tal 
Springfield   Muni. 

PIE     27.55       82.42 

SLE 
SNS 
SLC 
SJT 
SAT 
SAN 
YZP 
SF0 

SBA 
SAF 
SRO 
YXE 

SAV 
AVP 
SEA 
YZV 
YNG 
SHR 
SHV 
SUX 
FSD 
YZV 
SBN 
SPA 
GEG 
SPI 
SGV 

44.55 
36.40 
40.47 
31.22 
29.32 
32.44 
53.15 
37.38 

34.26 
35.37 
27.24 
52.10 
46.29 
32.01 
41„29 
47.27 
50.13 
41.13 
44.47 
32.27 
42.24 
43.35 
54.49 
41.42 
34.55 
47.38 
39.15 
37.15 

123.00 
121.36 
111.58 
100.30 
98.28 

li7.ll 
131.49 
12Z.23 

119.50 
106.05 
82.33 

106.41 
84„30 
81.08 
75.46 
122.19 
66.16 
80^27 

106.58 
93.49 
96.23 
96.45 

i27.ll 
86.19 
81.58 

117.38 
89.40 
93.23 

10 

207 
84 

4226 
1915 
800 
15 
16 
10 

14 
6344 

24 
1653 
631 
40 

1179 
428 
180 

1140 
4021 
251 
1097 
1426 
1719 
778 
816 
2462 
593 
1267 

8,000 

5,500 
5,000 
10,000 
5,900 
8,500 
8,100 
5,100 
9,500 

4,700 
8,300 
5,000 
8,300 
6,000 
11,400 
2,400 
9,800 
6,600 
2,400 
6,000 
6,400 
9,000 
7,100 
5,000 
5,000 
5,000 
13,900 
7,000 
5,600 
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I 

■ 

I 
I 

I 

1 

1 

Stephenville, Nfld., CAN. 
Stockton, Calif., USA 
Sudbury, Ont., CANADA 
Swift Current, Sask., 
Sydney, N. S.. CANADA 

USA 

ouaoury, vnz.,   I-MINMUM 
Swift Current, Sask., CANADA 
Sydney, N. S., CANADA 
Syracuse, N. Y.  '^ 

Tallahassee, Fla., USA 
Tarnpa, Fla., USA 
Temple, Texas, USA 
Terrace, B. C, CANADA 
Terre Haute, Ind., USA 
Texarkana, Ark., USA 
Timmins, Ont., USA 
Toledo, Ohio, USA 
Toronto, Ont., CANADA 
Tucson, Ariz., USA 
Tulsa, Okla, USA 

Val D'Or, Qua., CANADA 
Vancouver, B„. C, CANADA 
Vero Beach, Fla., USA 
Victoria, B. C, CANADA 
Vi sal la, Cali fc USA 

Waco, Texas, USA 
Washington, D. C, USA 
Waterloo, Iowa, USA 
Waterville, Maine, USA 
Watson Lake, Y. T., CANADA 
Waycross, Ga., USA 
West Palm Beach, Fla., USA 
Whitehorse, Y. T., CANADA 
Wichita, Kan., USA 
Wichita Falls, Texas, USA 
Wi11iams Lake, B. Co, CAN. 
Williamsport, Pa., USA 

Wilmington, Del., USA 
Wilmington, N. C, USA 
Windsor, Ont., CANADA 
Winnipeg, Man., CANADA 
Worcester, Mass., USA 

Yakima, Wash., USA 
Yarmouth, N. S., CANADA 
Yorkton, Sask., CANADA 
Youngs town, Ohio, USA 

AIRPORT CODE LAT. 
9  lN 

LONG. 
0 1 w 

ELEV. RUNWAY 
Ft. Ft. 

Ernst Harmon AFB YJT 48.32 58.33 86 10,000 
Stockton Muni. SCK 37.54 121.15 27 8,600 

YSB 46.37 80.48 1120 6,600 
YYN 50.17 107.41 2680 4,200 
YQY 46.10 60.03 202 6,000 

Hancock SYR 43.07 76.07 421 8,000 

Tallahassee Muni. TLH 30.24 84.21 82 6,100 

Tampa Int'1 TPA 27 = 58 82o32 27 8.300 
Draughon-Mi1ler Muni, TPL 31.09 97-25 698 5,000 

YXT 54.28 128.3^ 713 5,200 
Hulman Field HUF 59.27 87.19 585 8,000 
Texarkana Muni TXK 33.27 94,00 389 5,200 

YTS 48.34 81.22 967 5,700 
Toledo Express TOL 41.35 83,48 684 7,000 
Toronto Int'l (Malton)YYZ 43.41 79.38 567 11,000 
Tucson Mun i. TUS 32.07 110.57 2630 12,000 
Tul sa Muni .' TUL 36.12 95.53 674 10,000 

YVO 48.03 77.47 1109 8,200 
Sea Island YVR 49=11 123.10 9 8,600 
Vero Beach Muni. VRB 27.39 80.25 24 7,200 
Victoria Int'1 YYJ 48.39 123.26 63 5,000 
Vi salia Muni. VIS 36.19 119.24 292 5,300 

Waco Muni. ACT 31.37 97-14 515 5,700 
Washington Nat'1 DCA 38.51 77.02 15 6,900 
Waterloo Muni. ALO 42.34 92.24 870 5,400 
Watervi11e Mun i. WVL 44.32 69.40 332 4,000 

YQH 60,07 128.49 2255 5,500 
Waycross-Ware Co» AYS 31.15 82.24 142 5,000 
Palm Beach Int'1 PBI 26.41 80,06 19 8,000 

YXE 60,43 135.04 2303 7,200 
Wichi ta ICT 37..39 97.26 1332 7,300 
Wich!ta FalIs SPS 33.59 98,30 1015 13,100 

YWL 52.11 122,03 3085 7,000 
Wi11iamsport- IPT 41.14 76.55 528 5,000 

Lycoming Co. 
Greater WiImington ILG 39.41 75-36 79 7,100 
New Hanover Co. IMN 34,16 77.54 31 8,000 

YQG 46.16 82.58 622 6,200 
Wi nn i peg Int'l YWG 49.54 97.14 785 8,700 
Worcester Mun i. ORH 42.16 71.52 1009 5,500 

Yakima Muni. YKM 46.34 120.32 1082 5,500 
YQ.I 43.50 66.05 157 5,800 
YQV 51.16 102.28 1635 4,800 

Youngstown Muni , YNG 4.1.16 80,41 1196 7,500 
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ROUTES INDEXED ALPHABETICALLY 

AND UNDER BOTH TERMINALS 
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r 
i 
! 

mm 

11 

ABILENE 
Big spring- - •■ - - - 23 
Dallas   -  - - 23 
El Paso  -     23,83 
Ft. Worth 23 . 
Houston .-.--•- 23,83 
Lubbock 23 
Midland 23 

AKRON 
Charleston, W. Va.- - 23 
Chicago ------- 23,83 
Cincinnati- ----- 23 
Cleveland ------ 23 
Columbus, Ohio- - - - 23 
Dayton ---23 
Detroit  23 
New York  24,83 
Pi ttsburgh- -  2k 
Toledo  2k 
Washington, D.C.  24,83 
Youngs town- ----- 24 

ALAMOG0RD0 
Albuquerque ----- 24 
El Paso - - ■ 24 

ALBANY, GA. 
Atlanta, Ga.- - - - - 24 
Macon 24 
Tallahassee ----- 24 
Tampa - - 24,83 

ALBANY, N. Y. 
Binghampton ----- 24 
Boston 24 
Buffalo 24,83 
Glens Falls 25 
Hartford- 25 
New York 25 
Rochester, N. Y. 25 
Syracuse- ------ 25 

ALBUQUERQUE 
Alamogordo- ----- 24 
Amarillo- ------ 25,83 
Chicago -------83 
Dallas 83 
Denver- ------- 25,83 
El Paso -25 
Las Vegas ------ 83 
Los Angeles ----- 84 
Lubbock 25,84 
Phoenix - 25,84 
Roswell 25 
San Francisco - - - - 84 
Santa Fe- ------ 25 
Wichi ta 84 

ALEXANDRIA 
Baton Rouge ----- 25 
Shreveport- ----- 25 

ALLENTOWN 
Clevel.and - 26,84 
Harri sburg- - ----- 26 
New York- ------ 26 
Phi ladelphia 26 
Pittsburgh- ----- 26,8'* 
Reading -------26 
Scran ton- ------ 26 
Syracuse- ------ 26 
Washington. D.C- - - 26 

TABLE 

AMARILLO 
Albuquerque - - - - - 

5 Colorado Springs- - - 
Dallas- ------- 
Denver- ------- 
Lubbock ------- 
Oklahoma City - - - - 
Wichi ta ------ - 

ANCHORAGE 
Chicago ------- 
Edmonton- ------ 
Fa i rbanks - - - - - - 
Juneau- ------- 
King Salmon - - - - - 
Los Angeles - - - - - 
Mi nneapolis - - - - - 
New York- ------ 
Seattle ------- 

ANDERSON 
Atlanta ------- 
Greenvi11e- - - - - - 

ANNETTE ISLAND 
Juneau- ------- 
Seattle ------- 

ASHEVILLE 
Atlanta ------- 
Bristol  
Charlotte ------ 
Greensboro- - - - - - 
Knoxvi1|e ----- - 

ATLANTA 
Albany, Ga. - - - - - 
Anderson- ------ 
Ashevllie ----- - 
Augusta, Ga.- - - - - 
Baitimore ------ 
Bi rmlngham- - - - - - 
Charleston, S. C. - - 
Charleston, W. Va.- - 
Charlotte - - - - - - 
Chattanooga - - - - - 
Chicago ------- 
Ci ncinnati------ 
Cleveland ------ 
Columbia- ------ 
Columbus, Ga. - - - - 
Dal las- ------- 
Detroi t------- 
Greensboro- - - - - - 
Greenvi1le- - - - - - 
Houston ------- 
Indianapolj s- - - - - 
Jacksonvi11e- - - - - 
Knoxvi H« ----- - 
Los Angeles - - - - - 
Loui svi1le- - - - - - 
Macon -------- 
Melbourne ------ 
Memp his------- 
Miami -------- 
Mobile  
Montgomery- - - - - . 
Nashvi1le - - - - - ■ 
New Orleans - - - - ■ 
New York- ------ 
Norfolk   
Orlando ------ 
Philadelphia- - - - 

6.     ROUTE  INDEX 

ATLANTA  (Continued) 
25.83 Pittsburgh- 87 
26.84 Raleigh 29,8? 
26,84  Rome 29 
26,84  St. Louis 88 
26 St. Petersburg— - - 29,88 
26,84  San Antonio ----- 88 
27,84  San Francisco - - - - 88 

Savannah- ------ 29 
Shreveport- ----- 88 

85     Tallahassee ----- 29 
85     Tampa 29,88 
85     Washington, D. C. - - 88 

85 
85 ATLANTIC CITY 
85     New York 29 
85 Washington, D. C. - - 29 

85 
85   AUGUSTAj GA. 

Atlanta -------27 
Charleston, S. C. - - 29 

27 Columbia- ------ 29 
27     Jacksonville- - - - - 29 

Savannah- ------ 30 

85   AUGUSTA, ME. 
85     Bangor- -------30 

Lewlston- ------ 30 
Rockland- 30 

27 
27   AUSTIN 
27     Dallas 30 
27     Ft. Worth ------ 30 
27     Houston -------30 

San Angelo- ----- 30 
San Antonio ----- 30 

2k Waco- 30 

27 
27 BAKERSFIELD 
27     Fresno 30 
85 Los Angeles 30 
27     Visal ia 30 
27,86 
27,86 BALTIMORE 
27     Atlanta -- 85 
27 Boston 30,88 
86 Buffalo 31,88 
28,86  Charlotte 31,88 
86 Chicago -------88 
28 Dallas 88 
28     Denver 89 
86 Detroit 31,89 
86 Harrlsburg- ----- 31 
28,86 Houston 89 
28 Kansas CIty - - - - - 89 
86 Lancaster ------ 31 
28,86 Los Angeles ----- 89 
28.86 Miami 89 
28 Montreal 31 ,89 
86 New York 31 
28.87 Norfold 31 
28 Philadelphia  - 3! 
28,87 Phoenix 89 
28,87 Pittsburgh 31 
87 Providence- ----- 31,89 
28,87  Richmond- 31 
28 Rochester, N. Y. 31,89 
29 St. Louis 89 
29,87  San Francisco 89 
87 Syracuse- ------ 31,90 
87 Tampa 90 
29,87 Washington, D. C. - - 32 

■ 87 Wilmington, Del.- - - 32 

BANGOR 
Augusta, Me.- - - - - 30 
Boston- -.-----32 
Houlton -------32 
Portland, Me. - - - - 32 
Presque Isle- - - - - 32 

BATON ROUGE 
Lafayette ------ 32 
Lake Charles  32 
New Orleans ----- 32 

BEAUMONT 
Houston -------32 
Lake Charles 32 
Shreveport- ----- 32 

BERMUDA 
Washington, D. C. - - 90 

BIG SPRING 
Abi lene 23 
Midland 32 

BILLINGS 
Bismark - - 32,90 
Bozeman ------- 33 
Casper- ------- 33 
Great FalIs ----- 33 
Sheridan- ------ 33 

BINGHAMPTON 
Albany, N. Y. 24 
Pittsburgh-  -----  33,90 
Scranton-  ------   33 
Syracuse-  ------  33 

BIRMINGHAM 
Atlanta __.-27 
Charlotte ------ 33,90 
Chattanooga ----- 33 
Chicago ------- 90 
Greensboro- ----- 33,90 
Huntsvi lie 33 
Jackson -------33 
Knoxvi11« ~ ----- 33 
Memphis -------33 
Meridian- ------ 34 
Mobile 34 
Montgomery- - - - - - 34 
Muscle Shoals - - - - 34 
New Orleans ----- 34,90 
New York 90 
Pensacola ------ 3!» 
Pi ttsburgh- ----- 90 
Washington, D. C. - - 90 

BISBEE 
El Paso 34 
Tucson- -------  ^k 

BISMARK 
Bi Dings 32,90 
Fargo --------34 
Jamestown ------ 34 
Minneapolis ----- 34,91 

BOISE 
Denver- ------- 91 
Pendleton ------   ik 
Portland, Ore.- - - - 34,91 
Reno- -------- 34,9! 
Sal t   Lake City- 35,91 
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BOISE (Continued) 
San Francisco - - - - 91 
Seattle 35,91 

BOSTON 
Albany, N. Y. 2k 
Baltimore 30,88 
Bangor- ------- ^2 
Buffalo 35,91 
Burlington- ----- 35 
Chicago -------91 
Cleveland 91 
Concord -------35 
Dallas 91 
Denver- -------91 
Detroit ------- S2 
Fi tchburg - - ----- 35 
Hartford- ------ 35 
Hyannis -------35 
Lebanon -------35 
Lewiston- ------ 35 
Los Angeles ----- 92 
Manchester- ----- 35' 
Miami - - 92 
Montreal - 35,92 
New Bedford 35 
New York- ------ 35 
Philadelphia 36,92 
Pittsburgh 92 
Portland, Me. - - - - 36 
Providence- ----- 36 
San Francisco - - - - 92 
Syracuse- ------ 36,92 
Tampa --------92 
Washington, D. C. - - 36,92 
Worcester ------ 36 

BOWLING GREEN 
Loui svi11e- - - - - - 36 
Nashvl lie 36 

BOZEHAN 
Bi 11 ings  - - 33 
Butte --------36 

BRISTOL 
Asheville ------ 27 
Charleston, W. Va.- - 36 
Knoxvilie------ 36 

BROWNSVILLE 
Corpus Christi- - - - 36 

BRUNSWICK 
Jacksonville- - - - - 36 
Savannah- ------ 37 

BUFFALO 
Albany, N. Y. 24,83 
Baltimore ------31,88 
Boston  - - 35,91 
Chicago ------- 36,92 
Cleveland ------37 
Detroit 37,92 
Elmira 37 
New York 37,93 
Philadelphia 37,93 
PUt&byr^hi-   -----  37 
Rochester,   N.   Y. 37 
Scranton-   ------   37 
Syracuse-   ------   37 
Tampa   --------93 
Toronto  -------37 
Washington,   D-   C.   -   -   37,93 

BURBANK 
Los Angeles ----- 37 
San Francisco - - - - 37,93 

BURLINGTON 
Boston 35 
Montpelier- ----- 38 

BUTTE 
Bozeman -------36 
Great Falls 38 
Helena- -------38 
Idaho Falls  38 

CALGARY 
Cranbrook ------ 38 
Edmonton- ------ 38 
Great Falls  38,93 
Lethbridge  38,93 
Regina   38,93 
Saskatoon ------ 38,93 
Toronto -------93 
Vancouver ------ 38,93 

CARLSBAD 
El Paso 38 
Hobbs --------38 

CASPER 
Bill ings  33 
Cheyenne- ------ 38 
Denver  39,93 
Rapid Cl ty  39 
Salt Lake City  39,93 
Sheridan- ------ 39 

CASTLEGAR 
Cranbrook ------ 39 
Pentlcton ------ 39 

CEDAR RAPIDS 
Chicago -------39 
Des Molnes- ----- 39 
Minneapolis ----- 39 
Mol ine - - 39 

CHARLESTON, S. C. 
Atlanta 27,86 
Augusta,   Ga.-  -   -   -  -   29 
Charlotte 39 
Columbia- ------ 39 
Florence- ------ 39 
Jacksonville- - - - - 39 
Norfolk kO^k 
Savannah- ------  kO 
Wilmington, N. C. - - kO 

CHARLESTON, W. VA. 
Akron --------23 
Atlanta 27,86 
Bristol   -------36 
Charlotte ------ 40 
Cincinnati- ----- 40 
Cleveland ------ 40 
Columbus, Ohio- - - - 40 
Greensboro- ----- 40 
Huntington- ----- 40 
HuntsviUe- - - - - - 40,94 
Knoxv ilIe------40 
Lexington ------ 40 
Louisville- ----- UO 
New York 40,94 
Pi ttsburgh- ----- 41 
Roanoke  -------41 

CHARLESTON,   W.VA.   (Continued) 
Washington,   0-   C.     41,94 

CHARLOTTE 
Ashevi lie 27 
Atlanta   -------27 
Baltimore 31,88 
Birmingham-  -----  33,90 
Charleston,   S.   C.   -   -  39 
Charleston,   W.   Va.-  - 40 
Chattanooga     -  -  - 41,94 
Chicago 94 
Cleveland 41,94 
Columbia- - -   - - 41,94 
Columbus, Ohio- - - - 41,94 
Oanvl1le- ------ 41 
Greensboro- ----- 41 
Greenville- ----- 41 
Jacksonville- - - - - 41,94 
Miami - - - 94 
New York 94 
Philadelphia 41,94 
Raleigh -------41 
Richmond 41,95 
Spartanburg ----- 42 
Washington, 0. C. - - 42,95 

CHATTANOOGA 
Atlanta -------27 
Birmingham- ----- 33 
Charlotte 41,94 
Cincinnati- ----- 42,95 
Cleveland 41 
Greenville- ----- 42 
Knoxv Hie --42 
Lexington ------ 42 
Memphis 42,95 
Nashvl lie 42 
Rome- --------42 
Washington, D. C. - - 95 

CHEYENNE 
Casper- -------38 
Denver- -------42 

CHICAGO 
Akron 23,83 
Albuquerque ----- 83 
Anchorage - - --_.- - - 85 
Atlanta ------.,- 86 
Baltimore - - - - -- 88 
Birmingham- ----- 90 
Boston 91 
Buffalo 36,92 
Cedar Rapids 39 
Charlotte ------ 94 
Cincinnati- - - - - - 42,95 
Cleveland 42,95 
Columbus, Ohio- - - - 42,95 
Dallas 95 
Dayton 42,95 
Denver- -------95 
Des Meines 43,95 
Detroit 43,96 
Evansville- ----- 43,96 
Ft. Lauderdale- - - - 96 
Grand Rapids- - - - - 43 
Greensboro- ----- 96 
Harrisburg- ----- 96 
Hartford- 96 
Honolulu- ------ 96 
Houston -------% 
Indianapolis- - - - - 43 
Kansas City - - - - - 43,96 

CHICAGO (Continued) 
Las Vegas ------ 96 
Los Angeles ----- 96 
Louisville- - 43,96 
Madison -------43 
Memphis -------97 
Miami 97 
Milwaukee ------ 43 
Minneapolis ----- 43,97 
Mol ine-   -  - k3 
Montreal  97 
Muskegon- ------ 43 
Nashville 43,97 
New Orleans ----- 97 
New York 97 
Omaha --97 
Philadelphia 97 
Phoenix -------97 
Pittsburgh- ----- 43,97 
Portland,   Ore,-  -  -  - 97 
Providence- ----- 98 
Rochester, Minn.- - - 98 
Rochester, N. Y.-   44,98 
Saglnaw -------44 
St. Louis 44,98 
Salt Lake City- 98 
San Francisco - - - - 98 
Seattle 98 
South Bend- ----- 44 
Spokane -------98 
Springfield, 111. - - 44 
Tampa --------98 
Toledo- -------44 
Toronto ------- 44,98 
Tucson- -------98 
Tulsa - - 98 
Washington, D. C. - - 99 
Waterloo- ------ 44,99 
West Palm Beach - - - 99 

CINCINNATI 
Akron 23 
Atlanta 28,86 
Charleston, W. Va.  40 
Chattanooga ----- 42,95 
Chicago 42,95 
Cleveland ------ 44 
Columbus, Ohio- - - - 44 
Dallas 99 
Dayton- -------44 
Detroi t  44,99 
Ft. Lauderdale- - - - 99 
Indianapolis- - - - - 44 
Knoxvllle------44 
Lexington  ------  45 
Los Angeles   ----- 99 
Louisville-  ----- 45 
Miami 99 
Nashville 45 
New York- 99 
Pittsburgh 45,99 
St.   Louis 45,99 
St. Petersburg- 99 
Tampa  --------100 
Washington, D. C. - - 45,500 

CLEVELAND 
Akron 23 
Allentown ------ 26,34 
Atlanta -------86 
Boston- -------91 
Buffalo 37 
Charleston, W. Va.- - 40 
Charlotte 41,94 

I 
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CLEVELAND  (Continued) 
Chattanooga  ----- M 
Chicago 1*2,95 
Cincinnati Ml 
Columbus, Ohio- -  -  - 1*5 
Dayton- ------- kS 
Detroit --45 
Ft. Wayne - 45 
Grand Rapids 45 
Hartford 100 
Indianapolis 45,100 
Knoxville   45,100 
Los Angeles - - - - -100 
Miami 100 
Milwaukee - 45,100: 

New York 46,100 
Philadelphia 46,100 
Pi ttsburgh- ----- 46 
Rochester, N. Y.  46,100 
St. Louis 100 
St. Petersburg- 101 
Tamoa --------101 
Toledo 46 
Toronto -------46 
Washington, D. C. - - 46,101 

CL0VIS 
Lubbock 46 
Santa Fe- ------ 46 

COLLEGE STATION 
Houston -------46 
Temple- -------46 

COLORADO   SPRINGS 
Amarl llo 26,84 
Denver-  -------46 
Oklahoma  Clty    46,101 
Pueblo- 46 

COLUMBIA 
Atlanta  -------  28 
Charleston,   S.   C.   -  -  39 
Charlotte 41,94 
Florence-   ------  47 
Greenville- ----- 47 
Jacksonvi lie 47,101 
Meridian 47,101 
Montgomery- ----- 47,101 
Pensacola   - - - 47,101 
Raleigh 47 
Savannah- ------ 47 
Washington, D. C. - - 47,101 

COLUMBUS, GA. 
Atlanta - - - - - -  - 28 
Montgomery- ----- 47 
Pensacola ------ 47 
Tallahassee ----- 47 

COLUMBUS, OHIO 
Akron --------23 
Charleston, W. Va.- - 40 
Charlotte 41,94 
Chicago 42,95 
Cincinnati- ----- 44 
Cleveland 45 
Dayton- -------47 
Octroi t ------- 47 
Indianapolis- - - - - 48 
Loui svi i1«- - - - - - 48 
New York 10! 
Philadelphia 48.101 
Pi ttsburgh- ----- 48 

COLUMBUS, OHIO (Continued) 
Tampa ------- -101 
Toledo 48 
Washington, 0. C. - - 48,102 

C0M0X 
Port Hardy-  48 
Vancouver ------ 48 

CONCORD 
Boston-   ----35 
Fitchburg ------ 48 
Lacon ia-------48 

fORPUS CHRISTI 
Brownsville ----- 36 
Houston -------48 
San Antonio ----- 48 

CRANBR00K 
Calgary  ------- 38 
Castlegar  ------  39 

DALLAS 
Abi lene 23 
Albuquerque -----  83 
Amarillo 26,84 
Atlanta -------86 
Austin- -------30 
Baltimore ------ 88 
Boston 91 
Chicago -------95 
Cincinnati 99 
Denver- -------102 
El Paso 102 
Ft. Worth 48 
Houston - - 48, 102 
Jackson   49,102 
Kansas City   49,102 
Las Vegas 102 
Lawton- -------49 
Little Rock   49,102 
Los Angeles - - - - -102 
Louisville- - - - - -102 
Lubbock 49,102 
McAlester 49 
Memphis   49,102 
Miami 103 
Midland    49,103 
Monroe  49, 103 
New Orleans    49,103 
New York 103 
Oklahoma Cl ty 49 
Orlando 103 
St. Louis ----- -103 
San Antonio - - - - - 49,103 
San Francisco - - - -103 
Seattle 103 
Shreveport- ----- 49 
Tucson- ------ -103 
Tulsa 49,103 
Waco 50 
Washington, D. C. - -104 
Wich!ta Falis   50 

DANVILLE 
Charlotte ------ 41 
Greensboro- ----- f,0 
Richmond 50 

DAYTON 
Akron --------23 
Chicago 42,95 
Cincinnati- ----- Wt 

DAYTON (Continued) 
Cleveland ------ 45 
Columbus, Ohio- - - - 47 
Ft. Wayne 50 
Hartford 104 
Indianapolis- - - - - 50 
Los Angeles - - - - -104 
New York 104 
Pittsburgh 50 
St. Louis   -50,104 
Washington, D. C. - - 50,104 

OAYTONA BEACH 
Jacksonville- - - - - 50 
Lakeland 50 
Melbourne ------ 50 
Miami 50,104 
Orlando 50 
Tampa --------51 
West Palm Beach 51 

DENVER 
Albuquerque ----- 25,83 
Amarillo- ------ 26,84 
Baltimore ------ 89 
Boise 91 
Boston- ------- 91 
Casper 39,93 
Cheyenne- ------ 42 
Chicago 95 
Colorado Springs- - - 46 
Dallas 102 
El Paso 104 
Grand Junction- - - - 51 
Kansas City 104 
Las Vegas 104 
Lincoln   51,104 
Los Angeles - - - - -104 
Lubbock    51,105 
Milwaukee  -----   -105 
Minneapolis - - - - -105 
New York 105 
Omaha -- 51,105 
Phoenix --105 
Portland, Ore.- - - -105 
Rapid City 51,105 
Reno 105 
Salt Lake City- - - - 51,105 
San Francisco - - - -105 
Seattle 105 
Sioux Falls 106 
Tulsa 106 
Washington, 0. C. - -106 
Wlchl ta - - 5! -106 

DES MOINES 
Cedar Rapids- - - - - 39 
Chicago ------- 43,95 
Kansas Clty-----51 
Los Angeles - - - - -106 
Minneapolis  -----  51,106 
Omaha   --------5I 
St.   Louis     51,106 
Waterloo-   -   -   -   -  -  -  51 

DETROIT 
Akron  --------23 
Atlanta   -------  86 
Bal timore  -   - 31 ,89 
Boston-  - -  92 
Buffalo 37,92 
Chicago  -------  43,96 
Cincinnati- ----- 41»,99 
Cleveland  ------  1»5 

DETROIT   (Continued) 
Columbus,   Ohio-  -  -  - 47 
Flint 52 
Grand Rapids- - - - - 52 
Indianapolis- - - - - 52,106 
Land O'Lakes 52,106 
Lansing -------52 
Las Vegas 106 
Los Angeles - - - - -106 
Louisville- - -   52,106 
Miami 107 
Milwaukee   52,107 
Minneapolis - - - - -I07 
New York- - 107 
Omaha 107 
Philadelphia 52,107 
Pittsburgh- - 52 
Rochester, N. Y.  52,107 
St. Louis - 52,107 
St. Petersburg- - - -107 
San Francisco - - - -107 
Toledo 52 
Washington,   D.   C.   -  -  52,107 

D0THAN 
Montgomery-  -----   52 

EDMONTON 
Anchorage  ------  85 
Calgary  -------   38 
Grand   Prairie   -   -  -  -  53,107 
Minneapolis - - - - -IO8 
Montreal- - 1 08 
Regina 53,108 
Saskatoon ------ 53,108 
Toronto -------I08 
Vancouver ----- -I 08 
Winnipeg- ----- - I 08 

ELK0 
Ely 53 
Reno- --------53 

ELMIRA 
Buffalo - -  37 
Rochester, N. Y.- - - 53 
Willlamsport- - - - - 53 

EL PASO 
Abilene 23,83 
Alamogordo- ----- 24 
Albuquerque ----- 25 
Blsbee- -------34 
Carlsbad- ------ 38 
Da! las 102 
Denver- -------1 04 
Ft. Worth 108 
Houston 108 
Los Angeles - - - - -108 
Midland     53,108 
Phoenix   53,108 
Roswell 53 
San Antonio - - - - -109 
San Diego ----- - 109 
San Francisco - - - -109 
Tucson 53,109 

ELY 

Elko S3 
Salt   Lake Ci ty 53 

EUGENE 
Medford 53 
Salem--------53 
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EVANSVILLE 
Chicago ------- i*3,96 
Indianapolis- - - - - 5A 
Louisville- ----- 54 
Nashvil le 5h 
Owensboro ------ 51» 
Paducah 54 
St. Louis 54 

FAIRBANKS 
Anchorage ------ 85 
Juneau- ------ -109 
San Francisco - - - -109 
Seattle -  -109 
Whitehorse- - - - - -109 

FARGO 
Bismark ------.34 
Grand Forks ----- 54 
Jamestown ------ 54 
Minneapolis ----- 54 
Winnipeg- ------ 54 

FAYETTEVILLE 
New Bern- ----- -109 
Wlimington, N. C. - -109 

FITCHBURG 
Boston- ------- 35 
Concord -------48 

FLINT 
Detroit --52 
Grand Rapids 5^ 
New York 109 
Saginaw ------- 5^ 

FLORENCE 
Charleston, S. C. - - 39 
Columbia- ------ 47 
Raleigh - - ~ - - - - S'* 

FT. LAU0ER0ALE 
Chicago -------96 
Cincinnati- ----- gg 
Miami --------54 
New York 1 0g 
Washington, D. C. - -110 
West Palm Beach - - - 55 

FT. MEYERS 
Sarasota- ------ 55 
West Palm Beach 55 

FT. NELSON 
Ft. St. John- - - - - 55 
Watson Lake - - - - -1 10 
Whi tehorse- - - - - -1 10 

FT. ST. JOHN 
Ft. Nelson  55 
Grand Prairie - - - - 55 
Prince George - - - - 55 

FT. SMITH 
Li uie Rock  55 
Texarkana ------ 55 
iulsa  55 

FT. WAYNE 
Cleveland ------ 45 
Dayton- ------- 50 
Indianapolis- - - - - 55 
New York 110 

FT. WAYNE (Continued) 
South Bend- - - - . 
Toledo- ------ 

55 
55 

FT. WILLIAM 
Sault Ste. Marie- 
Toronto - - - . - 
Winnipeg- - - - - 

- 55,110 
• no 
• 55,110 

GREAT FALLS 
Billings- - - ■ 
Butte  
Calgary - - - . 
Helena- - - - . 
Missoula- - - - 
Salt Lake City- 
Spokane - - - - 

33 
38 
38,93 
57 
57 
58,11 
58,11 

FT. WORTH 
Abilene - - - - - 
Austin- - - - - - 
Dal las  
El Paso   
Houston - - - - - 
Li ttle Rock - - - 
Los Angeles - - - 
New Orleans - - - 
Oklahoma CIty - - 
Shreveport- - - - 
Waco- ------ 
Wichita Falls - - 

FREDERICT0N 
Montreal- - - - - 
Quebec- - - - - - 
St. John  

- 23 
- 30 
- 48 
-108 
- 56,110 
- 56,110 
-110 
■ 56,110 
• 56 
■ 56 
■ 56 
• 56 

56,110 
56,111 
56 

FRESNO 
Bakersfield - - 
Los Angeles - - 
Merced- - - . - 
Oakland  - 
San Franc Isco - 
Vlsalla   

GAINESVILLE 
Jacksonvl1le- 
Ocala   

30 
56 
56 
56 
56 
57 

57 
57 

GANDER 
Montreal- - - 
St. Johns - - 
Stephenvl1 Ie- 

GLENS FALLS 
Albany, N. Y. 

GOOSE BAY 
Montreal- - - 

-1 11 
57 
57 

GREENSBORO 
Ashevi1le - - - - 
Atlanta - - - - - 
Birmingham- - - - 
Charleston, W. Va. 
Charlotte - - - - 
Chicago - - - - - 
Danvi 1 le- - - - - 
Greenvllie- - - - 
Louisvllie- - - - 
New York  
Pittsburgh- -   
Raleigh - - - - - 
Richmond- - - . - 
Roanoke - - - - - 
Washington, 0. C. 

GREENVILLE 
Anderson- - - . - 
Atlanta - - - - - 
Charlotte - - - - 
Chattanooga - - - 
Columbia- - - - - . 
Greensboro- - - - 
Richmond- - - - - . 
Spartanburg - - - • 
Winston-Sa lern - - • 

HALIFAX 
Moncton - 
Montreal - 
St. John- 
Sydney- - 

 25 

■111 

GRAND FORKS 
Fargo   
Winnlpeg- 

GRAND JUNCTION 
Denver- - - - 
Las Vegas - - 

GRAND PRAIRIE 
Edmonton- - - 
Ft. St. John- 

GRAND RAPIDS 
Chicago - - - 
Cleveland - - 
Detroi t - - - 
Flint - - - - 
Land 0'Lakes- 
Lansing - - . 
Mi Iwaukee - - 
Muskegon- - - 
Sag i naw - - ■ 

5'« 
57 

51 
57,M1 

53,107 
55 

i*3 
k5 
52 
9* 
57,111 
57 
57 
57 
57 

27 
28,86 
33,90 
40 
41 
96 
50 
58 
58,111 
58,111 
58,111 
58 
58 
58 
58,111 

27 
28 
41 
42 
^7 
58 
58,1 11 
58 
58 

HARRISBURG 
Al 1 en town - - 
BaitImore - - 
Chicago - - - 
PIttsburgh- - 
Reading - - - 
Washington, D. 
WlI Iiamsport- 

C. - 

HARTFORD 
Albany, N. Y. - - - - 
Boston- ------- 
Chicago ------- 
Cleveland ------ 
Dayton- ------- 
Los Angeles - - - - - 
New Haven ------ 
New York- ------ 
Philadelphla- - - - - 
Pittsburgh- - - - - - 
PIttsfleid  
Providence- - - - - - 
Washington, D. C. - - 

HELENA 
Butte - - - 
Great F«lls 
Missoula- - 

58 
1 12 
59 
59 

26 
31 
96 
59 
59 
59 
59 

25 
35 
96 
00 
04 
12 
59 
59 
59 
59,112 
59 
59 
59,112 

H0BBS 
Carlsbad- 

38 
57 
59 

38 

HOBBS (Continued) 
Midland 60 
RoswelI -------60 

HONOLULU 
Chicago -------96 

1  Los Angeles - - - - -112 
I  New York- 112 

Portland, Ore, 1 12 
San Francisco - - - -112 
Seattle  112 
Vancouver ----- -112 

HOT SPRINGS 
Little Rock 60 
Shreveport- ----- 60 

H0ULT0N 
Bangor- - - - ----- 32 
Presque Isle- - - ■■ - 60 

HOUSTON 
Abilene 23,83 
Atlanta  -------86 
Austin ---30 
Baltimore ------ 89 
Beaumont-  ------  32 
Chicago  -------96 
College  Station  -  -  - 46 
Corpus Christi 48 
Dallas-  - 48,102 
El   Paso 108 
Ft.  Worth 56,1 10 
Lake Charles-  -  -  -  - 60 
Las  Vegas  -----  -112 
Los Angeles - - - - -112 
Miami --II3 
Nashvilie-   ---113 
New Orleans ----- 60,113 
New York -1 I 3 
St. Louis ----- -113 
San Antonio ----- 60 
San Francisco - - - -113 
Shreveport- ----- 60 
Tulsa  - - 6o,l 13 
Washington, 0. C-. - -113 

HUNTINGTON 
Charleston, W. Va.- - 40 
Lexington ------ go 
Louisville- ~ - - - - 60 
Washington, D. C. - -113 

HUNTSVILLE 
Birmingham- ----- 33 
Charleston, W. Va.- - 40,94 
Knoxville ------ 60 
Lexington ------ 60,113 
Louisvllie- - - - - - 61,113 
Memphis -------61 
Nashvil le 61 
Washington, D. C. - - 61,113 

HURON 
Pierre- ------- 6| 
Sioux Fa!ls-----6I 

HYANNIS 
Boston- -------35 
Nan tucket ------ 6] 

IDAHO FALLS 
Butte 38 
Pocatello ------ 6] 
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IDAHO FALLS (Continued) 

Salt Lake Ci ty- - - - 61 

INDIANAPOLIS 
Atlanta 28,86 
Chicago -------43 
Cincinnati- ----- 44 
Cleveland   45,100 
Columbus, Ohio- - - - 48 
Dayton- -------50 
Detroit   -------  52,106 
Evansville- ----- 5^ 
Ft. Wayne ------ 55 
Loui sv i1le- - - - - - 61 
Memphis - - - - - - -61,114 
Nashville   6l,i14 
New York  - -114 
Pi ttsburgh- ----- 61, 1 14 
St. Loui S------61 
Terre Haute ----- 62 

JACKSON 
Birmingham- ----- - 33 
Dallas  49,102 
Memphis -------62 
Meridian- ------ 62 
Monroe- -------62 
New Orleans ----- 62 
Shreveport- ----- 62 

JACKSONVILLE 
Atlanta 28,86 
Augusta, Ga.- - - - - 29 
Brunswick ------ 36 
Charleston, S. C. - - 39 
Charlotte - k] ,Sk 
Columbia 47,101 
Daytona Beach - - - - 50 
Ga i nesvi11e ----- 57 
Macon --------62 
Melbourne ------ 62 
Miami 62, 114 
New Orleans - - - - -114 
New York 1 14 
Orlando -------62 
Pi ttsburgh- - - - - -1 14 
Sarasota- ------ 62 
Savannah- ---.»-- 62 
Ta!lahassee ----- 62 
Tampa --------62 
Washington, D, C. - -114 
Waycross- ------ 63 
West Palm Beach - - - 63,114 

JAMESTOWN 
Bismark 3lt 
Fargo -------- -5'* 

J0PLIN 
Springfield, Mo-- - - 63 
Tulsa -------- 63 

JUNEAU 
Anchorage ------ 05 
Annette Island- - - - 85 
Fairbanks 109 
Seattle 114 

KANSAS  CITY 
Baltimore ------ 89 
Chicago ------- 43.96 
Dallas- -------49,102 
Denver- --.----!04 
Des Meines- ----- 5" 

KANSAS CITY (Continued) 
Los Angeles - - - - -1 14 
Minneapolis ----- 63,115 
New York- -115 
Omaha --------63 
Phoenix ------ -115 
St. Loui S------63 
Springfield, Mo.- - - 63 
Tulsa 63 
Washington, D. C. - -1 15 
Wichita -63 

KEENE 
New York- ------ 63 
Pi ttsfield- ----- 63 

KEY WEST 
Miami --------63 

KING SALMON 
Anchorage ------ 85 

KN0XVILLE 
Asheville 27 
Atlanta -------28 
Birmingham- ----- 33 
Bristol -------36 
Charleston, W. Va.- - 40 
Chattanooga ----- 42 
Cincinnati- ----- 44 
Cleveland   45,100 
Huntsvi1le- ----- 60 
Lexington ------ 63 
Louisville- ----- 64 
Memphis ------- 64,115 
Nashvilie------ 64 
New York 115 
Pi ttsburgh- - - - - - 64,115 
Washington, D. C. - - 64,115 

K0DIAK 
Seattle -------!15 

LAC0NIA 
Concord ------- 48 

LAFAYETTE 
Baton Rouge ----- 32 
Lake Charles- - - - - 64 

LAKE CHARLES 
Baton Rouge ----- 32 
Beaumont- ------ 32 
Houston -------60 
Lafayette ------ 64 

LAKELAND 
Daytona Beach ----- 50 
Tampa --------64 

LANCASTER 
Baltimore - - - - - - 3' 
Reading -------64 
Washington, 0. C. - - 64 

LAND  0'LAKES 
Detroit   -   -   -   -   -   -   -   52,106 
Grand  Rapids-   -   -   -   -   57,1'I 
Wew  York-   - US 

LANSING 
Detroit   -   -   -   -   -   -   -   52 
Grand  Rapids-   -   -   -   -   57 

LAS VEGAS 
Albuquerque ----- 83 
Chicago -------96 
Dallas  102 
Denver- -------104 
Detroi t ------ -106 
Grand Junction- - - - 57,1 ' 1 
Houston -------112 
Los Angeles ----- 64,115 
Palm Springs- - - - - 64 
Phoenix - - - 64, 1 15 
Sacramento-   ----- 64,116 
Salt   Lake City-  -   -  - 65,116 
San   Francisco  -  -  -  -  65,116 

LAWRENCE 
Manchester- ----- 65 
Worcester ------ 65 

LAWT0N 
Dallas- - - ■ - ~ - - - kS 
Oklahoma C ty - - - -  65 
Wichi ta Fa Is - - - - 65 

LEBANON 
Boston- -------35 
Manchester- ----- 55 
Montpel ier- ----- 65 

LETHBRIDGE 
Calgary - - - - - - - 30,93' 

LEWIST0N 
Augusta, Me.- - - - - 30 
Boston- -------35 
Portland, Mr. - - - - 65 

LEXINGTON 
Charleston, W. Va.- - 40 
Chattanooga ----- 42 
Cincinnati- ----- 45 
Huntington- ----- 60 
Huntsvi lie ■ - 60, 1 13 
Knoxv1 I 1e ------ 63 
Louisville- ----- 65 

LINCOLN 
Denver- ------- 51,104 
Omaha --------65 

LITTLE ROCK 
Dal las- ------- 43,102 
Ft. Smith - - - - - - 55 
Ft. Worth ------ 56,110 
Hot Springs ----- - 60 
Memphis -------65 
St. Louis - -   - 65,116 
Shreveport- ----- 65 
Springfield, Mo.- - - 66 

LONG BEACH 
Los Angeles ----- 66 
San Diego ------ 66 

LOS ANGELES 
Albuquerque ----- 84 
Anchorage ------ 85 
Atlanta -------86 
Bakersfield ----- 30 
Baltimore ------ 89 
Boston- -------92 
Burbank -------37 
Chicago ------- 96 
C i nc i nna s;- - - - - - 99 

LOS ANGELES (Continued) 
Cleveland 100 
Da 11 as  102 
Dayton- -------104 
Denver- -------104 
Des Moines- - - - - -106 
Detroi t ------ -106 
El Paso  - -108 
Ft. Worth 110 
Fresno- -------56 
Hartford 112 
Honolulu- -112 
Houston -------112 
Kansas CIty - - - - -114 
Las Vegas  64,115 
Long Beach- ----- 66 
Miami 116, 
Montreal- ----- -116 
New Orleans - - - - -1 16 
New York- 1 16 
Oklahoma C i ty -I 16 
Ontari o ------- 66 
Palm Springs- - - - - 66 
Philadelphia 116 
Phoenix ------- 66,116 
Pi ttsburgh-   -   -   -   -   -116 
Portland,   Ore. 117 
Sacramento-   -----  66,117 
St.   Louis  -  -  -  -  -  -117 
Sa! t   Lake  C i ty 117 
San   Diego  -----.   -  66 
San  Francisco -  -  -  - 66,117 
Santa   Barbara   -   -  -   -  66 
Seattle 117 
Syracuse-   -----   -II7 
Tampa  ----.----II7 
Tuscon-   -------  66,117 

LOUISVILLE 
Atlanta 28,8/ 
Bowling Green   -   -  -   -  36 
Charleston,   W.   V.   -   -  40 
Chicago  -------43,96 
Cincinnati-   -----  45 
Columbus,   Ohio-   -   -   -  48 
Dallas-  -  -  -  -  -  -  -102 
Detroi t ------- 52,106 
Evansville- ----- 5^ 
Greensboro- ----- 58,111 
Huntington- ----- 60 
Huntsvilie- - - - - - 61,113 
Indlananolis- - - - - 6i 
Knoxvi1 Ie ------ 64 
Lexington ------ 65 
Memphis -------66,117 
Nashville ------ 66 
New York 117 
Owensboro ------ 66 
St.. Louis -  67,1 17 
St. Petersburg- - - -i18 
Tampa --------]l8 
Washington,   D.   C.   -   -II8 

LUBB0CK 
Abilene   -------23 
Albuquerque   -----   25,84 
Atnar i 1 lo-   ------   26 
Clovis--------46 
Da! las 49, 102 
Denver-   -------   51,105 
Midland 67 
Wichita  Fa!Is    67 
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MACON 
Albany,   Ga.   -----  24 
Atlanta 28 
Jacksonville-  -  -  -  - 62 
Savannah-  ------ 67 
Waycross-  ------ 67 

MADISON 
Chicago -------  k3 
MiIwaukee  ------ 67 
Rochester,   Minn.-  -  -  67 

MANCHESTER 
Boston 35 
Lawrence-  ------  65 
Lebanon  -------65 
Worcester  ------  57 

MARTHA'S  VINEYARD 
New Bedford 67 

MCALESTER 
Dallas- 49 

MEDFORD 
Eugene-  -------53 
Sacramento-  -----  67,118 
San  Francisco  -  -  -  - 67,118 

MELBOURNE 
Atlanta 28,87 
Daytona  Beach  -  -  -  -  50 
Jacksonville-  -  -  -  - 62 
Miami 67 
Orlando -------67 
Tampa  --------67 
Vero  Beach-  ----- 68 
West  Palm Beach 68 

MEMPHIS 
Atlanta 28,87 
Birmingham-   -----  33 
Chattanooga ----- 42,95 
Chicago -------97 
Dallas 49,102 
Huntsville- ----- 61 
Indianapolis- - - - - 61,114 
Jackson -------62 
Knoxvllle   64,115 
Little Rock 65 
Louisville- ----- 66,117 
Nashvilie--   68 
New Orleans ----- 68,118 
Paducah -------68 
St. Louis ------ 68,118 
Shreveport- ----- 68,118 
Washington, D. C. - -II8 

MERCED 
Fresno- -------56 
Modesto -------68 

MERIDIAN 
Birmingham- ----- 34 
Columbia 47,101 
Jackson -------62 
Monroe- -------68 
Hontgocnery- ----- 68 

MIAMI 
Atl.mlJ ------- 87 
Baitimore ------ 89 
Boston- -------92 
Charlotte ------ 94 

MIAMI (Continued) 
Chicago -------97 
Cincinnati- ----- 99 
Cleveland 100 
Dallas  103 
Daytona Beach - - - - 50,104 
Detroit - -   - - -107 
Ft. Lauderdale- - - - 54 
Houston -------113 
Jacksonville- - - - - 62,114 
Key West- ------ 63 
Los Angeles - - - - -116 
Melbourne ------ 67 
Minneapolis - - - - -118 
Montreal- - 118 
New Orleans - - - - -IIS 
New York 119 
Orlando -68 
Philadelphia 119 
Pittsburgh-  - -1 19 
St. Louis ----- -119 
St. Petersburg- -   68 
San Francisco - - - -119 
San Juan- ----- -119 
Seattle - - 119 
Tallahassee - ----- 68,119 
Tampa --------68 
Washington, D. C. - -119 
West Palm Beach - - - 69 

MIDLAND 
Abi lene  23 
Big Spring- ----- 32 
Dallas 49,103 
El   Paso 53,108 
Hobbs 60 
Lubbock -------67 
San Agnelo-   ----- 69 

MILWAUKEE 
Chicago -------43 
Cleveland   45,100 
Denver- -------105 
Detroi t   52,107 
Grand Rapids-  -  -  -  -  57 
Madison  -------67 
Minneapolis ----- 69,119 
Muskegon- ------ 69 
New York 1 19 
Philadelphia 119 
Toledo- -----   69 
Washington, D. C. - -120 

MINNEAPOLIS 
Anchorage ------ 85 
Bismark 34,91 
Cedar Rapids- - - - - 39 
Chicago - 43,97 
Denver- ------ -105 
Des Moines-   - - 51,106 
Detroi t ------ -107 
Edmonton- ----- -108 
Fargo --------   S^ 
Kansas City ----- 63,115 
Miami --------118 
Milwaukee   69,119 
New York- 120 
Omaha - 69,120 
Rochester, Minn.- - - 69 
Salt Lake City- 120 
Seattle ------ -120 
Sioux Falls ----- 69 
Spokane -------120 
Mashiogton, D. C. - -120 
Winnipeg- ------ 69,120 

MIS SOUL A 
Great  Fal Is 57 
Helena- ---.---59 
Spokane -------69 

MOBILE 
Atlanta  - 28,87 
Birmingham- ----- 34 
Montgomery- ----- 69 
New Orleans ----- 69 
Pensacola ------ 69 

MODESTO 
Merced 68 
Stockton- ------ 69 

M0LINE 
Cedar Rapids- - - - - 39 
Chicago - - ----- 43 

MONCTON 
Halifax 58 
Montreal - - 70,120 
St. John 70 
Toronto -------120 

MONROE 
Dallas 49, 103 
Jackson -------62 
Meridian- ------ 68 
Shreveport- ----- 70 

MONTEREY 
Salinas -------70 
San Francisco - - - - 70 
Santa Barbara - - - - 70 . 

MONTGOMERY 
Atlanta 28 
Birmingham- ----- 34 
Columbia 47,101 
Columbus, Ga. - - - - 47 
Dothan- -------52 
Meridian- ------ 68 
Mobile- ------- 69 
Pensacola ------ 70 

M0NTPELIER 
Burlington- ----- 38 
Lebanon -------65 

MONTREAL 
Baltimore 31,89 
Boston   35,92 
Chicago -------97 
Edmonton- ----- -108 
Fredericton ----- 56,110 
Gander- ------ -1 1 I 
Goose Bay . - - - - -11\ 
Halifax 112 
Los Angeles - - - - -116 
Mi ami --------il8 
Moncton - - -   - 70,120 
New York 70,120 
Ottawa 70 
Quebec- -------70 
Saguenay- ------ 70,120 
St. John 70,121 
Tampa --------121 
Toronto ------- 70,121 
Vancouver ----- -121 
Washington, D. C. - -12. 

MUSCLE SHOALS 
Birmingham- ----- 34 
Nashville ------ 70 

MUSKEGON 
Chicago -------43 
Grand Rapids- - - - - 57 
Milwaukee ------ 69 

NANTUCKET 
Hyannis -------61 

NASHVILLE 
Atlanta -------29 
Bowling Green - - - - 36 
Chattanooga ----- 42 
Chicago - - 43,97 
Cincinnati- ----- 45 
Evansville- ----- 54 
Houston -------113 
HuntsviI 1e- ----- 61 
Indianapolis- - - - - 61,114 
Knoxville ------ 64 
Louisville- ----- 66 
Memphis -------68 
Muscle Shoals - - - - 70 
New York 121 
St. Louis   71,121 
Tulsa 121 
Washington, D. C. - -121 

NEW BEDFORD 
Boston -35 
Martha's Vineyard - - 67 
New York- ------ 71 

NEW BERN 
Fayettevi lie   -109 
Norfolk - 71 

NEW HAVEN 
Hartford 59 
New York 71 

NEW ORLEANS 
Atlanta 29,87 
Baton  Rouge  -----  32 
Birmingham-  ----- 34,90 
Chicago -------97 
Dal las  49,103 
Ft.   Worth  - 56,110 
Houston  ------- 60,113 
Jackson -------62 
Jacksonville- - - - -114 
Los Angeles - - - - -116 
Memphis 68,1 18 
Miami - 118 
Mobile- ------- 69 
New York- 121 
St. Petersburg  - -121 
Shreveport- - - - - - 71,121 
Tampa --------122 

NEWPORT NEWS 
New York  71,122 
Norfolk  71 
Washington, D. C. - - 71 

NEW YORK 
Akron 24,83 
Albany, N. Y.  25 
Allentown ------ 26 
Anchorage ------ 85 
Atlanta -------87 
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I NEW YORK (Continued) 

Atlantic City - - - - 29 
Baltimore 31 
Birmingham- ----- go 
Boston- -.-----35 

Buffalo 37,93 
Charleston,   W.   Va.-  - 40,9^ 
Charlotte ------ 94 
Chicago -------97 
Cincinnati- ----- 99 
Cleveland ------ 46,100 
Columbus, Ohio- - - -101 
Dallas 103 
Dayton- -------104 
Denver- ------ -105 
Detroit - - -107 
Flint 109 
Ft. Lauderdale -109 
Ft. Wayne 110 
Greensboro- ----- 58,111 
Hartford 59 
Honolulu- - - - - - -112 
Houston -------113 

Indianapolis- - - - -114 
Jacksonvllie- - - - -114 

Kansas City - - - - -115 
Keene --------63 
Knoxville 115 
Land 0'Lakes- 115 
Los Angeles - - - - -116 
Louisville 117 
Miami 119 
MlIwaukee ----- -119 
Minneapolis - - - - -120 
Montreal  70,120 
Nashville 121 
New Bedford 71 
New Haven ------ 71 
New Orleans - 12! 
Newport News- - - - - 71,122 
Norfolk    71,122 
Philadelphia 71 
Phoenix -------122 
Pittsburgh 71,122 
Portland, Me. - - - - 71,122 
Providence- ----- 71 

Raleigh   71,122 
Reading -------72 
Richmond-   72,122 
Rochester, N. Y.- - - 72,122 
St. Louis - 122 
San  Francisco -  ■•  -  -122 
Scranton-  ------  72 
Seattle -  -  - 122 
Syracuse-  ------  72 
Tampa  --------123 
Toledo 123 
Toronto   - - - - 72,123 
Tucson-  ------  -I23 
Washington, 0. C. - - 72 
West Palm Beach - - -123 
Wilmington, Del.- - - 72 
Worcester ------ 72 
Youngs town- - - - - - 72,123 

NORFOLK 
Atlanta -------87 
Baltimore ------ 3! 
Charleston, S. C. - - 40,94 
New Bern- ------ 71 

Newport News- - - - - 71 
New York 71,122 
Ph! ladelphia- 72 
Washington, D. C. - - 72 

NORTH BAY 
Sudbury -------72 
Toronto -------72 

OAKLAND 
Fresno- -----.-56 
Phoenix 123 
Reno 73 
Salt Lake City 123 
San Francisco - - - - 73 

0CALA 

Gainesville ----- 57 
Vero Beach 73 

OKLAHOMA CITY 

Amarillo- ------ 26,84 
Colorado Springs- - - 46,101 
Dallas- 49 
Ft. Worth 56 

Lawton- ------- 65 
Los Angeles - - - - -116 
St. Louis - - 123 
Tulsa 73 
Wichita 73 

OMAHA 
Chicago ------- 97 

Denver 51,105 
Des Moines- ----- 51 
Detroit 107 

Kansas City ----- 63 
Lincoln -------65 
Minneapolis ----- 69,120 
Sioux Ci ty- ----- 73 

ONTARIO 

Los Angeles ----- 66 
Palm Springs- - - - - 73 
San Francisco - - - - 73,123 

ORLANDO 
Atlanta 29,87 
Dal las 103 
Daytona Beach - - - - 50 
Jacksonville- - - - - 62 

Melbourne ------ 67 
Miami --------68 
Sarasota- ------ 73 
Tallahassee ----- 73 
Tampa --------73 

West Palm Beach 73 

OTTAWA 
Montreal- ------ 70 
Syracuse- ------ 73 
Toronto -------73 

Val D'or- - 74 

0WENSB0R0 
Evansviiie- ----- 54 
Louisville- ----- 66 

PADUCAH 
Evansviiie- ----- 5^ 
Memphis -------68 

PALM SPRINGS 
Las Vegas ------ 64 
Los Angeles ----- 66 
Ontario -------73 
San Diego - - - - - - 7I4 

PANAMA CITY 
Tallahassee ----- 74 
Tampa 

PENDLtTON 
Boise - 

74,123 

34 

PENSAC0LA 
Birmingham- - 
Columbia- - - 
Columbus, Ga. 
Mobile- - - - 
Montgomery- - 

PENTICT0N 
Castlegar 

34 
47,101 

47 
69 
70 

39 

PHILADELPHIA 
All en town ------ 26 
Atlanta -------87 
Baltimore ------ 31 

Boston- 36,92 
Buffalo  37,93 
Charlotte 41,94 
Chicago ------- 97 

Cleveland ------ 46,100 
Columbus, Ohio 48,101 PITTSFIELD 
Detroit - -   52,107  Hartford 

PITTSBURGH 
Charleston, W. Va.- - 41 
Chicago 43,97 
Cincinnati- ----- 45,99 
Cleveland ------ 46 
Columbus, Ohio- - - - 48 
Dayton- ------.50 
Detroit -------52 
Greensboro- ----- 58,111 

Harrisfaurg- ----- 59 
Hartford 59,112 
Indianapolis- - - - - 61,114 
Jacksonville- - - - -114 
Knoxville -   64,115 
Los Angeles - - - - -1 16 
Miami --------lig 

New York 71,122 
Philadelphia 74,123 
Raleigh   75,124 
Roanoke -------75 

St. Petersburg- - - -124 
Toledo 75 
Washington, D. C. - - 75 

Williamsport- - - - - 75 
Youngs town- ----- 75 

Hartford- - 
Los Angeles 
M i am I - - - 
MlIwaukee - 

59 
- 59 
-116 

-119 
■119 

Keene --------63 

P0CATELL0 
Idaho Fal Is 61 
Salt Lake City- - - - 75 New York- 71 

Norfolk 72 
Pittsburgh 74,123 PORT HARDY 
Richmond- ------ 74      Comox -------- LtS 
Rochester, N. Y.  74,124 
St. Louis -124 
San Juan- ----- -124 

ME. 

Scranton- - - - - 
Syracuse- - - - - 
Washington, D. C. 
Williamsport- - - 
Youngstown- - - - 

74 
74 
74 
74 
74,124 

PORTLAND, 
Bangoi— - 
Boston- - 
Lewi ston- 
New York- 
WaterviI 1e 

32 
36 

65 
71,122 

75 

ORE. 
PHOENIX 

Albuquerque 
BaltImore - 
Chicago - - 
Denver- - - 
El Paso - - 
Kansas City 
Las Vegas 

  25,84 
 89 
 97 
 105 
  53,108 
 115 

64,115 

■ 34,91 
■ 97 
■105 

Los Angeles ----- 66,116 
New York- - - - - - -122 
Oakland  123 
San Diego ------ 74,124 
San Francisco - - - ..',24 
Tucson- -------75 

PIERRE 
Huron --»"»---«61 

Rapid City 75 

Sioux Fal1s ----- 75 

PITTSBURGH 
Akron --------24 
Allentown   ------   26,84 

PORTLAND, 
Boise  - 
Chicago 
Denver- 
Honolulu-   -----  -112 
Los Angeles   -----117 
Reno 75,124 
Salem  --------75 
Sal t  Lake City-  -  -  -124 
San Francisco - - - -124 
Seatt 1 e 
Spokane 
Yakima- 

PRESQUE ISLE 
Bangor- 

75 
76,124 
76 

32 
Houiton   -------60 

PRINCE  GEORGE 
Ft.   St.   John- 
Quesnel - - - 
Smi thcrs- - - 
Vancouver  -   - 

55 
76 
76 
76,125 

Atlanta 
Baltimore - 
Bi nghampton 
B i rmi ngham- 
Boston- - - 
Buffalo -  - 

87 
31 
33,90 
90 
37 
37 

PRINCE RUPERT 
Sandspi t- - 
Terrace - - 
Vancouver   - 

■ 76 
• 76 
■125 
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PROVIDENCE 
Baltimore 31,89 
Boston- ------- 36 
Chicago -------98 
Hartford  - 59 
New York 71 
Washington, D. C. - - 76,125 

PUEBLO 
Colorado  Springs-  -  -  k6 
Santa  Fe-  ------  76 

QUEBEC 
Fredericton ----- 56,11] 
Montreal- ------ 70 
Saguenay- ------ 76 
Seven Islands - - - - 76,125 

QUESNEL 
Prince George - - - - 76 
William Lake- - - - ~ 76 

ROANOKE 
Charleston, W. Va.- - k\ 
Greensboro- ----- 58 
Pittsburgh 75 
Washington, D. C. - - 77 
Winston-Salem - - - - 77 

ROCHESTER, MINN. 
Chicago - - - 
Madison - - - 
Minneapoli s - 
Waterloo- - - 

98 
67 
69 
77 

RALEIGH 
Atlanta - - 
Charlotte - 
Columbla- - 
Florence- - 
Greensboro- 
New York- - 

  29,87 
  1*1 
  k7 
  54 
  58 
  71,122 

Pittsburgh-  -  -    75,124 
Richmond-  ------ 76 
Washington, D. C. - - 76 

ROCHESTER, N. Y. 
Albany, N. Y. - - - - 25 
Baltimore   - - - . 31,89 
Buffalo - - - ----- 37 
Chicago ------- kk,S8 
Cleveland - ----- - 46,100 
Detroit - - 52,107 
Elmi ra- -------53 
New York- ------ 72,122 
Philadelphia  - - 74,124 
Syracuse- ------ 77 
Washington, D. C. - - 77,125 

ROCKLAND 
Augusta, Me. 

ROME 
Atlanta - - 
Chattanooga 

30 

29 
42 

RAPID  CITY ROSWELL 
Casper-  -------39 Albuquerque  -----  25 
Denver 51,105       El   Paso 53 
Pierre-  -------75 Hobbs  --------60 

READING 
All en town  ------  26 
Harrtsburg-  ----- 59 
Lancaster ------ 64 
New York 72 
Syracuse-  ------   77 

R0UYN-N0RANDA 
Val   D'or-  - 

REGINA 
Calgary - - - 
Edmonton- - - 
Swi ft Current 
Winnipeg- - - 
Yorkton - - - 

38,93 
53,108 
77 
77,125 
77 

SACRAMENTO 
Las  Vegas  - - 
Los Angeles - 
Medford  -   - - 
Reno-  -  -  - - 
San  Francisco 
Stockton-  - - 

RENO 
Boise  - 34,91 
Denver-   -------105 
EIko-  - 53 
Oakland 73 
Portland,   Ore.-   -   -  -   75,124 
Sacramento-   -----   77 
Salt  Lake City 77,125 
San  Francisco -  -  -  -  77 
Seattle    -  -125 

RICHMOND 
Bait imore  ------  3! 
Charlotte 41 ,95 
Oanvi He-  ------  50 
Greensboro-  -----  58 
Greenville-   -----   $8,111 
New York 72,122 
Phi ladelphia-  -  -  -  -   7*4 
Raleigh  -------   76 
Washington, 0. C.   77 

SAGINAW 
Chicago - - - 
Flint  
Grand Rapids- 

77 

64,116 
66,117 
67,118 
77 
78 
78 

44 
54 
57 

SAGUENAY 
Montreal- - - 
Quebec- - - - 
Seven Islands 

ST. JOHN 
Fredericton - 
Hali fax - - - 
Moncton - - - 
Montreal- - - 
Yarmouth- - - 

- 70,120 
- 76 
- 78,125 

56 
59 
70 
70,121 
78 

ST. JOHNS 
Gander- -------57 
Sydney 78,125 

ST. LOUIS 
Atlanta - 
Bait imore 
Chicago - 

88 
89 
44,98 

ST. LOUIS (Continued) 
Cinc-nnati- ----- 45,99 
Cleveland - 100 
Dallas 103 
Dayton- ------- 50,104 
Des Moines- - - - - - 51,106 
Detroit   52,107 
Evansvllle- ----- 54 
Houston -------113 
Indianapolis- - - - - 61 
Kansas C1ty ----- 63 
Little Rock - -   65,116 
Los Angeles - - - - -117 
Louisville 67,117 
Memphis - - 68,118 
Miami ------- -ng 
Nashville -   71,121 
Ne« York -122 
Oklahoma City - - - -123 
Philadelphia 124 
San Francisco - - - -125 
Springfield, Mo.- - - 78 
Tampa --------125 
Tulsa 78, 126 

, Washington, D. C. - -126 

ST. PETERSBURG 
Atlanta - 29,88 
Cincinnati- ----- 99 
Cleveland ----- -101 
Detroit 107 
Loui svi1le- - - - - -118 
Miami --------68 
New Orleans - - - - -121 
Pittsburgh 124 
Washington, D. C. - -126 

SALEM 
Eugene- ------- 53 
Portland, Ore.- - - - 75 

SALINAS 
Monterey- ------ 70 
San Francisco - - - - 78 
Santa Barbara - - - - 78 

SALT LAKE CITY 
Boise - 35,91 
Casper  39,93 
Chicago -------98 
Denver- ------- 51,105 
Ely  53 
Great Fails   58,111 
Idaho Falls 61 
Las Vegas - 65,116 
Los Angeles - - - - -117 
Minneapolis - - - - -120 
Oakland 123 
Pocatello ------ 75 
Portland, Ore. 124 
Reno 77,125 
San Francisco - - - -126 

SAN ANGELD 
Austin- -------30 
Midland  - 69 

SAN ANTONIO 
Atlanta -------88 
Austin- -------30 
Corpus Christi- - - - Wj 
Dallas 49,103 
El Paso - - 109 
Houston -------tO 

SAN DIEGO 
£1 Paso -109 
Long Beach- ----- 66 
Los Angeles ----- 66 
Palm Springs- - - - - 74 
Phoenix  - 74,124 
San Francisco - - - - 78,126 

SANDSP1T 
Prince Rupert  -  -  -  -  76 
Vancouver   -----   -126 

SAN   FRANCISCO 
Albuquerque   -----  84 
Atlanta  -------88 
Baltimore ------ 89 
Boise --------91 
Boston- -------92 
Burbank ------- 37,93 
Chicago ----.--98 
Dallas -103 
Denver- -------105 
Detroit ------ -107 
El Paso -109 
Fairbanks ----- -109 
Fresno- ------- 56 
Honolulu 112 
Houston -------113 
Las Vegas ------ 65,116 
Los Angeles ----- 66,117 
Medford  - - 67,118 
Miami 119 
Monterey- ------ 70 
New York- -122 
Oakland   -.-..73 
Ontario   73,123 
Phoenix 124 
Portland, Ore. -124 
Reno— — -----77 
Sacramento- ----- 78 
St. Louis  - -125 
Sal 1 nas -------78 
Salt Lake City 126 
San  Diego     78,126 
Seattle 126 
Stockton-   78 
Washington,   D.   C.   -  -126 

SAN JUAN 
Miami -119 
Phi ladelphia 124 

SANTA  BARBARA 
Los Angeles   -----  66 
Monterey-  ------   70 
Sal Inas  -   -   - 78 

SANTA  FE 
Albuquerque -----  25 
Clovis 46 
Pueblo ..--.76 

SARAS0TA 
Ft.   Meyers-   -----  55 
Jacksonville-  -  -  -  - 62 
Orlando -73 
Tampa      ---..78 
West  Palm Beach 78 

SASKATOON 
Calgary -  - 38,93 
Edmonton-  ------ 53,108 
Winnipeg-   ------ 78,126 
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SAULT STE. MARIE 
Ft. William  55,110 
Toronto   79,126 

SAVANNAH 
Atlanta -   - - - - 29 
Augusta, Ga.- - - - - 30 
Brunswick ------ 37 
Charleston, S. C. - - kO 
Columbia- ------ i*7 
Jacksonville- - - - - 62 
Macon --------67 

SCRANTON 
Allentown ------ 26 
Binghampton ----- 33 
Buffalo 37 
New York 72 
Phi Sadelphia- -  -  -  -  Jk 
Syracuse- ------ 79 
Wl11iamsport- - - - - 79 

SEATTLE 
Anchorage ------ 85 
Annette Island- - - - 85 
Boise  35,91 
Chicago ------- 98 
Dallas 103 
Denver- -------105 
Fai rbanks ----- -109 
Honolulu- ----- -112 
Juneau- ------ -lit» 
Kodiak -115 
Los Angeles - - - - -117 
Miami ------- -119 
Mlnneapoli s - - - - -120 
New York- 122 
Portland, Ore.- - - - 75 
Reno 125 
San Francisco - - - -126 
Spokane -------79 
Vancouver ------ 79 
Victoria- - - -   - 79 
Yakima 79 

SEVEN ISLANDS 
Quebec- ------- 76,125 
Saguenay- ------ 78,125 

SHERIDAN 
Si 1 1 ings- - 33 
Casper- -------39 

SHREVEP0RT 
Alexandria- ----- 25 
Atlanta ------- 88 
Beaumont- ------ 32 
Dallas kS 
Ft. Worth 56 
Hot Springs ---.-- 60 
Houston -------60 
Jackson -------62 
Little Rock 65 
Memphis ------- 68,118 
Monroe- ------- 70 
New Orleans   71,121 
Texarkana ------ 79 
Tulsa 79,126 

SIOUX CITY 
Orrvaha --------73 
Sioux Falls ----- 79 
Waterloo- ------ 79 

SIOUX FALLS 
Denver- -------106 
Huron ------.-61 
Minneapolis ----- 69 
Pierre -..-.75 
Sioux City 79 

SMITHERS 
Frince George - - - - 76 
Terrace -------79 

SOUTH BEND 
Chicago ------- kh 
Ft. Wayne - 55 

SPARTANBURG 
Charlotte ------ k2 
Greenville- ----- 58 

SPOKANE 
Chicago 98 
Great Falls   58,111 
Minneapolis - - - - -120 
Missoula- ------ 69 
Portland, Ore.- - - - 76,124 
Seattle   ----79 
Yakima- -------79 

SPRINGFIELD, ILL. 
Chicago -------kk 

SPRINGFIELD, M0. 
Joplin» ------- 63 
Kansas C i ty ----- 53 
Little Rock -   - - 66 
St. Louis 78 

STEPHENVILLE 
Gander- ----.--57 
Sydney- -------79 

STOCKTON 
Modesto -------59 
Sacramento- ----- 78 
San Francisco - - - - 78 

SUDBURY 
North Bay 72 
Timmins ------- 80 
Toronto -------80 

SWIFT CURRENT 
Regina-   ----77 

SYDNEY 
Halifax  59 
St. Johns   78,125 
Stephenvi1le- - - - - 79 

SYRACUSE 
Albany, N. Y. 25 
Allentown ------ 26 
Baltimore 31 ,90 
Binghampton ----- 33 
Boston- 36,92 
Buffalo 37 
Los Angeles - - - - -117 
New York  - 72 
Ottawa- 73 
Phi ladelphia Ik 
Reading -------77 
Rochester, N. Y. 77 
Scranton- ------ 79 
Washington,   D.   C.   -   -  80,126 

TALLAHASSEE 
Albany,   Ga.   ----- 24 
Atlanta  -------  29 
Columbus,   Ga.   -  -  - - 47 
Jacksonville-  - -  -  - 62 
Miami 68,119 
Orlando 73 
Panama City -----  74 
Tampa -------- 80 

TAMPA 
Albany,   Ca. 24,83 
Atlanta 29,88 
Baltimore ------ 90 
Boston-   -----.-92 
Buffalo 93 
Chicago -------98 
Cincinnati-  -  -  - -  -100 
Cleveland -----  -101 
Columbus, Ohio- - - -101 
Daytona Beach - - - - 51 
Jacksonville- - - - - 62 
Lakeland- ------ 64 
Los Angeles - - - - -117 
Loui svi1le- - - - - -118 
Melbourne ------ 67 
Miami --------68 
Montreal- ----- -121 
New Orleans - - - - -122 
New York 123 
Orlando 73 
Panama City - ■• - - - 74,123 
St. Louis -125 
Sarasota- ------ 78 
Tallahassee ----- 80 
Toronto 127 

TEMPLE 
Coliege Station - - - 46 
Waco-  80 

TERRACE 
Prince Rupert - - - - 76 
Sml thers   79 
Vancouver ------ 80,127 

TERRE HAUTE 
Indianapolis- - - - - 62 

TEXARKANA 
Ft. Smith -  55 
Shreveport- ----- 79 

TIMMINS 
Sudbury ------- 80 

TOLEDO 
Akron --------24 
Chicago- ------44 
Cleveland ------ 46 
Columbus, Ohio- - - - 48 
Octroi t-- -52 
Ft. Wayne ------ 55 
Milwaukee ------ 69 
New York 123 
Pi ttsburgh- ----- 75 
Washington, 0. C. - - 80,127 

TORONTO 
Buffalo -----.- 37 
Calgary 93 
Chicago ------- kk,^8 
Cleveland ------ 46 
Edmonton- ----- .108 

TORONTO (Continued) 
Ft. William 1 10 
Moncton -------|20 
Montreal 70,121 
New York 72,123 
North Bay 72 
Ottawa 73 
Sault Ste. Marie  79,126 
Sudbury ------- 80 
Tampa --------127 
Vancouver ----- -127 
Washington, D. C. - - 80,127 
Windsor   80,127 
Winnipeg- ----- -127 

TUCSON 
Bisbee 34 
Chicago -------98 
Dal las 103 
El Paso 53,109 
Los Angeles ----- 66,117 
New York- - 123 
Phoenix 75 

TULSA 
Chicago -------98 
Dallas - - 49,103 
Denver- -------106 
Ft. Smith 55 
Houston ------- 60,113 
Jopl in- ------- 63 
Kansas City ----- 63 
Nashville 121 
Oklahoma City 73 
St. Louis   78,126 
Shreveport- ----- 79,126 
Wichita -- 80 

VAL D'OR 
Ottawa- -74 
Rouyn-Noranda - - - - 77 

VANCOUVER 
Calgary - - 38,93 
Comox --------48 
Edmonton- ----- -IDS 
Honolulu 112 
Montreal 121 
Prince George - - - - 76,125 
Prince Rupert   -125 
Sandspi t- ----- -126 
Seattle -------79 
Terrace   80,127 
Toronto ------ -127 
Winnipeg- ----- -I27 

VERO BEACH 
Melbourne ------ 68 
Ocala --------73 

VICTORIA 
Seattle -79 

VISALIA 
Bakersfield ----- 30 
Fresno- -------  S7 

WACO 
Austin- -------30 
Dallas- 50 
Ft. Worth 56 
Temple- -------80 
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WASHINGTON,   0.  C. 
Akron 2^,83 
Al en town  ------ 26 
Atlanta -88 
Atlantic  City 29 
Baltimore   - 32 
Bermuda  -------go 
Birmingham- ----- go 
Boston   - 36,92 
Buffalo  - - 37,93 
Charleston,   W.  Va.-  - k],Sk 
Charlotte ^2,95 
Chattanooga  ----- g5 
Chicago -g9 
Cincinnati 45,100 
Cleveland   46,101 
Columbia-  47,101 
Columbus, Ohio- - - - 43,102 
Dallas 104 
Dayton- ------- 50,104 
Denver- -------106 
Detroit -  52,107 
Ft. Lauderdale -110 
Greensboro- ----- 58,111 
Harrlsburg- ----- 59 
Hartford 59,112 
Houston -------113 
Huntington- - - - - -113 
Huntsville 61,113 
Jacksonville- - - - -114 
Kansas City - - - - -115 
Knoxvllle   64,115 
Lancaster ------ 64 
Louisville- - - - - -IIS 
MemphlS-------118 
Miami 119 
Milwaukee ----- -120 
Minneapol i s - - - - -120 
Montreal- ----- -121 
Nashville 121 
Newport News- - - - - 7' 
New York- 72 
Norfolk 72 
Philadelphia- - - - - 74 
Pittsburgh-  75 
Providence- ----- 76,125 
Raleigh ------- 76 
Richmond- ------ 77 
Roanoke -------  JJ 
Rochester, N. Y.  77,125 
St. Louis 126 
St. Petersburg- - - -126 
San Francisco - - - -126 
Syracuse-  ------ 80,126 
Toledo  80,127 
Toronto -------  80,127 
West Palm Beach 127 
Wilmington, Del.- - - 80 

WATERLOO 
Chicago ------- 44,gg 
Des Moines- ----- 51 
Rochester, Minn.- - - 77 
Sioux City-  79 

WATERVILLE 
Portland, Me. - - - - 75 

WATSON LAKE 
Ft. Nelson- 110 

WAYCROSS 
Jacksonville- - - - - 63 
Hacon  --------67 

WEST PALM  BEACH 
Chicago gg 
Datyona  Beach - -  - - 5' 
Ft.   Lauderdale 55 
Ft.  Meyers- ----- 55 
Jacksonville- - -  - - 63,114 
Melbourne ------ 68 
Miami   --------69 
New York 123 
Orlando --73 
Sarasota-  ------  78 
Washington,   D.   C.   -   -127 

WHITEH0RSE 
Fairbanks  -----  -109 
Ft.   Neison    -110 

WICHITA~ 
Albuquerque  ----- 84 
Amarlllo-  ------  27,84 
Denver-   -------51,106 
Kansas  Ci ty  ----- 63 
Oklahoma  C i ty  -  -  -  -  73 
Tulsa  --------80 

WICHITA FALLS 
Dallas 50 
Ft. Worth 56 
Lawton- -------65 
Lubbock -------67 

WILLIAM LAKE 
Quesnel -------76 

WILLIAMSPORT 
Elmi ra-  ------.53 
Harrisburg- ----- 5g 
Philadelphia 74 
Pittsburgh 75 
Scranton- ------ 7g 

WILMINGTON,   DEL. 
Baltimore ------ 32 
New York-  - 72 
Washington,   D.   C.   -   - 80 

WILMINGTON,   N.   C. 
Charleston,   S.   C.   -  - 40 
Fayettevilie-  -  -   -   -10g 

WINDSOR 
Toronto -  -  -----  - 80,127 
Winnipeg 127 

WINNIPEG 
Edmonton-   -----   -I08 
Fargo --------54 
Ft.  William    55,110 
Frand  Forks  -----  57 
Minneapolis  ----- 69,120 
Regina 77,125 
Saskatoon   ------   78,126 
Toronto   -------127 
Vancouver   -----   -127 
Windsor    -127 

WINST0N-SALEM 
Greenvl1le-  -----  58 
Roanoke   -------77 

WORCESTER 
Boston-  -----.-36 
Lawrence-  ------ 65 
Manchester- ----- 67 
New York   72 

YAKIMA 
Portland,   Ore.- - - - 76 
Seattle ---79 
Spokane -------79 

YARMOUTH 
St-.   John-  - 78 

Y0RKT0N 
Regina 77 

YOUNGST0WN 
Akron  ------..  -24 
New York 72,123 
Philadelphia-     74,124 
Pittsburgh 75 
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